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Letter  of  Transmittal. 


To  His  Excellency,  J.  C.  W.  BECK  HAM, 

Governor  of  Kentucky. 

SIR:  I  have  the  honor  to  herewith  transmit  for  publication 
a  bulletin,  prepared  by  Professor  Aug.  F.  Foerste,  on  the 
Silurian,  Devonian  and  Irvine  Formations  of  East-Central 
Kentucky,  with  an  account  of  their  clays,  limestones,  mineral 
waters  and  water  horizons. 

The  report  is  divided  into  three  parts.  Part  I.  deals  with, 
the  classifications  of  the  several  formations,  and  with  the  geo- 
graphic distribution  of  their  subdivisions,  in  accordance  with 
the  better  knowledge  of  them  that  has  been  acquired  since  the 
earlier  work  of  William  M.  Linney  (deceased).  Tile  great  ex- 
cellence of  the  pioneer  work  of  Mr.  Linney  on  the  Kentucky 
Silurian  (then  known  as  Upper  Silurian)  is  heartily  conceded 
by  all  who  are  acquainted  with  the  subject;  but  the  urgent 
necessity  for  a  classification  which  will  accord  with  more 
recent  knowledge  and  present  terminology  is  well  recognized 
by  all  geologists  who  have  worked  or  who  expect  to  work  in 
Kentucky  regions  where  Silurian  or  Devonian  rocks  form  the 
substructure  of  the  ground.  The  usefulness  of  a  correct  classi- 
fication of  our  rocks — the  bearing  it  has  upon  the  study  of  the 
economic  geology  of  the  State — has  been  discussed  in  my 
Report  of  Progress  for  1904-'05.  The  numerous  sections  and 
page  maps,  showing  the  distribution  of  various  members  of  the 
formations,  will  prove  of  much  value  in  connection  with  the 
preparation  of  the  soil  map  of  the  State.  Professor  Foerste 
has  taken  pains  to  give  full  lists  of  fossils  which  characterize 
the  more  important  beds,  thus  rendering  his  report  of  especial 
service  to  local  investigators. 

Part  II.  deals  with  the  economic  values  of  the  formations 
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under  consideration.  In  this  section  is  discussed,  among  other 
subjects,  the  availability  of  Devonian  and  Silurian  clays  and 
limestones  for  the  manufacture  of  cements.  A  good  foundation 
is  here  laid  for  the  technological  investigations  that  are  to 
follow  in  due  course. 

In  Part  III.  are  given  descriptions,  with  plates,  of  some 
of  the  fossils  that  characterize  the  principal  Silurian  bedsi 
referred  to  in  the  preceding  parts  of  the  report.  The  local 
worker  will  find  this  a  very  useful  feature  of  the  bulletin,  since 
it  will  enable  him  to  discriminate  individual  beds  of  the  forma- 
tion, and  teachers  in  the  advanced  schools  of  the  State  will 
find  it  helpful  in  their  work. 

Very  respectfully, 

C.  J.  NORWOOD, 
State  Geologist. 


Addendum. 

This  report  was  prepared  for  publication  in  1905,  but  vari- 
ous causes  have  delayed  its  passage  through  the  press.  This 
has  not  been  altogether  unfortunate,  since  it  has  enabled  Pro- 
fessor Foerste  to  include  notes  on  some  observations  made  in 
1906,  the  date  which  the  title  page  now  bears. 


Letter  of  Submittal. 


PROFESSOR  CHARLES  J.  NORWOOD, 

Director,  Kentucky  Geological  Survey. 

SIR:  I  have  the  honor  to  submit  herewith  a  report  on  the 
Silurian  and  Devonian  formations  of  East-central  Kentucky, 
with  an  account  of  the  economic  availability  of  their  clays  and 
limestones.  To  this  is  added  a  brief  discussion  of  the  Irvine  for- 
mation, which  includes  the  extensive  clay  deposits  used  for  the 
manufacture  of  pottery  at  Waco  and  Uybeetown  or  Portwood, 
in  Madison  county.  The  report  is  of  necessity  merely  prelim- 
inary to  further  investigations,  since  the  field  work  of  the  last 
season  has  left  many  questions  of  stratigraphic  and  economic  in- 
terest unanswered.  In  the  investigation  of  the  Red  river  area 
I  was  materially  assisted  by  John  Goff,  a  resident  at  Indian 
Fields. 

Respectfully, 

AUG.  F.  FOERSTE, 

Assistant  Geologist. 

Dayton,  Ohio,  Nov.  1,  1905. 
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Preliminary  Table  of  Paleozoic  Formations. 


SYSTEM. 

SERIES. 

FORMATION. 

THICK- 
NESS. 

MEMBER. 

THICK- 
NESS. 

Pennsylvania!!. 

Coal  Measures. 
Conglomerate 
Measures. 

Mississippi;!.!!. 

Lower  Carbon- 
iferous 
Shales,  Sand- 
stones and 
Limestones. 
Waverly. 

Ohio  black 
shales. 

20-135 

20-135 

Devonian. 

Boyle 
limestones. 

0  47 

(  West-Centra)  Ky.  , 
Sellersburg. 
Jeffersoiiville. 
Geneva. 

0-47 

110  to 

Alger. 

Estill. 
Waco. 
Lulbegrud. 

65-120 
8-10 
10-13 

Siluiian. 

Niagaran. 

180 

Indian  Fields. 

Oldham. 
Plum  Creek. 

10-14 
5 

Clinton. 

13-19 

Brassfield. 

13-19 

Saluda. 

20-40 

Richmond. 

140-210 

Versailles. 

Whitewater. 
Liberty. 

70-100 

Waynesville. 

50-70 

Cincinnatian. 

Mayisville 
(Lorraine.) 

280 

Kentucky  rivei 
limestone  of 
N.  S.  Shaler. 

Arnheim. 
Mount  Auburn. 
Corryville. 
Bellevue. 
Fairmount. 

50 
20 
60 
20 

80 

Upper  Garrard 

Mount  Hope. 

50 

Lower  Garrard  . 

Paint  Lick. 

40-60 

Ordovician. 

Eden. 

160-260 

Million  (Upper 
Winchester.  ) 

Mid  leEden. 
Lower  Eden. 

120  to 
2CO 

Utica. 

0-3 

Fulton. 

0-3 

Cynthiana. 

40-90 

(Lower 
Winchester.  1 

Point  Pleasant. 
Greendale. 

40-90 

Jessamine 
(Mohawkian.) 

Lexington 
(Trenton.  ) 

275 

Perryville. 
Paris. 
Wilmore. 
Logan  a. 
Curdsville. 

0-35 
75 
125 
10 
30 

High  Bridge 
(Stones  River. 

400 

Tyrone. 
Oregon. 
Campnelson. 

90 
25 
285 

Canadian. 

Not  exposed 
in  Kentucky. 
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THE  CHIEF  DIVISIONS  OF  THE  PALEOZOIC  ROCKS 

OF  KENTUCKY. 


The  superficial  soils,  clays,  sands,  and  gravely  of  Kentucky- 
are  underlaid  chiefly  by  Paleozoic  rocks.  Tertiary  strata  occur 
in  the  western  part  of  the  State,  west  of  the  Tennessee  river. 
The  Irvine  clays,  sands,  and  gravels  of  Powell,  Estill,  Clark, 
Madison,  Garrard,  and  Lincoln  counties  have  been  referred  pro- 
visionally to  the  Neocene,  the  upper  half  of  the  Tertiary.  Sim- 
ilar local  deposits  of  Tertiary  age  may  occur  elsewhere  in  the 
State,  but  in  general  it  may  be  said  that  all  of  the  more  solid 
rocks  of  Kentucky,  with  their  interbedded  clays  and  shales,  are 
of  Paleozoic  age.  These  Paleozoic  rocks  are  classified  under 
the  following  divisions,  named  in  descending  order: 

PENNSYLVANIAN,  including,  in  descending  order: 

2.  The  Coal  Measures. 

1.  The  Conglomerate  Measures   (or  Pottsville). 

MISSISSIPPIAN,  or  Lower  Carboniferous,  including,  in  descend- 
ing order: 

3.  Shales,  sandstones,  and  limestones  corresponding  to  the 
Chester,  etc. 

2.  Limestones,  including  St.  Genevieve,  St.  Louis,  etc. 

1.  The  Waverly  formation,  using  this  name  in  the  sense 
employed  by  former  reports  of  the  Ohio  and  Kentucky 
Surveys,    and    not    as   originally   defined   by   Prof.    C. 
Briggs,  Jr.      (First  Annual  Report  of  the  Geological 
Survey  of  Ohio,  1838,  page  80.) 

DEVONIAN,  including,  in  descending  order: 

2.  The  Devonian  Black  Shale,  known  on  the  eastern  side 
of  the  Cincinnati  geanticline  as  the  Ohio  shale,  and  on 
the  western  side  as  the  New  Albanv  Fhale.    The  United 
States  Geological  Survey  has  utilized  the  name  Chatta- 
nooga shale  for  exposures  of  this  shale  in  Eastern  Ken- 
tucky, as  far  north  as  Clark  county. 
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1.  The   Devonian   limestones.      In   Ohio   these  limestones 
include,  in  descending  order: 

c.  The  Delaware  limestone. 
Z>.    The  Columbus  limestone. 

a.  A  comparatively  unfossiliferous  section  of  lime- 
stone, for  which  no  distinctive  name  has  been  pro- 
posed as  yet. 

For  these  three  Devonian  limestones  of  Ohio  the  name 
Scioto  limestone  would  be  very  appropriate.  Since  the 
exact  equivalency  of  the  Devonian  limestones  of  east- 
central  Kentucky  has  not  yet  been  determined,  the  name 
Boyle  limestone  will  be  used  for  the  latter  provision- 
ally, because  some  of  the  thickest  sections  of  Devonian 
limestone  in  Kentucky  occur  in  Boyle  county,  and  in 
the  immediately  adjacent  counties. 

SILURIAN,  equivalent  only  to  the  Upper  Silurian  of  former  re- 
ports of  the  Kentucky  Survey.  Including-,  in  descending 
order: 

2.  The  Monroe  formation,  including  the  Greenfield  lime- 
stone of  Ohio  and  adjacent  parts  of  Kentucky. 

1.  The  Niagaran  series  of  rocks,  including,  in   descend- 
ing order: 

&.  The  Crab  Orchard  division  of  the  Niagaran,  con- 
sisting chiefly  of  clays;  referred  to  the  Niagara 
group  in  former  reports  of  the  Kentucky  Survey. 

a.  The  Brassfield  limestone;  referred  to  the  Clinton 
group  in  former  reports  of  the  Kentucky  Survey. 

ORDOVICIAN,  equivalent  only  to  the  Lower  Silurian  of  former 
reports  of  the  Kentucky  Survey.  Including,  in  descending 
order : 

2.  The  Cincinnatian  series  of  rocks ;  referred  to  the  Hud- 
son River  group  in  former  reports  of  the  Kentucky  Sur- 
vey.    These  include: 

d.  The  Richmond  formation. 

c.  The  Maysville  formation,  approximately  equiva- 
lent to  the  Lorraine  of  New  York. 

6.  The  Eden  formation,  including,  at  the  base,  strata 
equivalent  to  the  Utica  of  New  York;  and 
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a.  The  Cynthiana  formation,  including  the  lower 
half  of  the  Winchester  limestone  as  originally  de- 
tiued  by  Marius  II.  Campbell. 

1.    The  Jessamine  series,  corresponding  approximately  to 
the  Mohawkiau  rocks  of  New  York.     This  includes: 

1).  The  Lexington  formation,  corresponding  to  the 
Trenton  rocks  of  former  reports  of  the  Kentucky 
Survey;  and 

a.  The  High  Bridge  formation,  belonging  to  the 
Stones  River  group  of  Tennessee,  and  including 
the  rocks  identified  as  Birdseye  and  Chazy  in 
former  reports  of  the  Kentucky  Survey. 

In  the  preceding  classification  no  attempt  has  been  made 
to  indicate  in  any  manner  the  relative  importance  cf  the  vari- 
ous divisions  and  subdivisions.  The  chief  aim  has  been  merely 
to  indicate  their  relative  order  of  succession. 

If  the  superficial  soils,  clays,  sands,  and  gravels  of  Ken- 
tucky were  removed,  the  Pennsylvanian  and  Mississippian,  col- 
lectively called  the  Carboniferous  formations,  would  form  by 
far  the  greater  part  of  the  surface  of  the  State;  according  to 
estimate,  about  70  per  cent.  Next  in  importance,  as  far  as 
the  area  of  exposure  is  concerned,  would  be  the  Ordovician, 
covering  about  20  per  cent,  of  the  surface.  Most  restricted  of 
all  would  be  the  areas  of  exposure  of  the  Devonian  and  Silurian 
rocks,  which,  together,  would  form  only  between  3  and  4  per 
cent,  of  the  total  area  of  the  State. 

By  far  the  greater  part  of  the  Devonian  exposures  of  Ken- 
tucky consist  of  the  Devonian  black  shale.  The  area  of  outcrop 
of  the  Devonian  limestone  is  too  narrow  to  be  represented  ac- 
curately on  a  map  of  ordinary  size.  On  this  account  the  United 
States  Geological  Survey  has  not  attempted  to  distinguish  be- 
tween the  'Devonian  limestone  and  the  Silurian  formations  in 
Madison  and  adjacent  counties  (Richmond  folio,  No.  46,  1898), 
but  has  mapped  them  together  under  the  name  Panolo  forma- 
tion. The  rocks  identified  with  the  Richmond  formation  in 
this  Richmond  folio  include  not  only  the  Richmond  formation 
as  originally  defined  by  E.  O.  Ulrich  (including,  in  descending 
order,  the  Saluda,  Versailles,  Waynesville,  and  Arnheim  beds), 
but  also  almost  all  of  the  Maysville  formation,  omitting  only 
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the  Mount  Hope  bed,  at  the  base.  The  Garrard  sandstone  of 
the  Richmond  folio  includes  the  Mount  Hope  bed  at  the  base 
of  the  Maysville  formation,  and  the  upper  division  of  the  Eden 
beds.  The  Winchester  limestone  of  the  Richmond  folio  includes 
the  Middle  and  Lower  Eden  beds  and  all  of  the  Cynthiana 
formation. 

In  Ohio,  the  upper  part  of  the  Cynthiana  division  was  called 
by  Prof.  Orton  the  Point  Pleasant  bed. 

Ulrich,  Bassler,  and  others  have  drawn  the  line  of  separa- 
tion between  the  Cincinnatian  and  underlying  series  of  rocks 
at  the  base  of  the  Eden  formation,  beneath  the  Fulton  layer 
with  its  Triarthrus  becki  fauna.  In  the  classification  here  pre- 
sented the  line  is  placed  at  the  base  of  the  Cynthiana  formation, 
in  deference  to  the  opinions  of  Mr.  John  M.  Nickles,  who  re- 
cently has  investigated  the  Cynthiana  or  Lower  Winchester 
formation  for  the  Kentucky  Survey.  (Bulletin  No.  5.) 


The  Minor  Subdivisions  Adopted  in  this  Report. 


MISSISSIPPI  AX. 

In  Ohio,  the  following  subdivisions  of  the  Mississippian  have 
been  adopted,  named  in  descending  order: 
g.    Maxville  limestone, 
/.    Logan  formation, 
e.    Black  Hand  formation, 
d.    Cuyahoga  formation, 
c.    Sunbury  shale, 
6.    Berea  grit, 
a.    Bedford  shale. 

No  attempt  has  been  made  as  yet  to  trace  any  of  these  for- 
mations to  any  considerable  distance  southward  from  the  Ohio 
river.  It  is  not  known  whether  the  considerable  body  of  soft 
clays  at  the  base  of  the  Waverly  formation  of  Kentucky  is  ex- 
actly conterminous  with  the  Bedford  shale  of  Ohio.  On  this  ac- 
count the  name  Linietta  clay  was  adopted,  provisionally,  from  a 
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famous  exposure  at  the  Linietta  Springs,  southwest  of  Junction 
City,  in  Boyle  county,  Kentucky,  before  its  identity  with  the 
New  Providence  shale  of  southern  Indiana  was  ascertained. 

Phosphatic  nodules  often  are  very  abundant  at  the  base  of 
these  clays  and  form  a  very  characteristic  horizon. 

DEVONIAN. 

In  northern  Ohio,  the  Devonian  Black  shale  or  Ohio  shale 
has  been  divided,  in  descending  order,  into 
c.    The  Cleveland  shale, 
5.    The  Chagrin  formation,  and 
a.    The  Huron  shale. 

It  is  not  known  whether  any  of  these  subdivisions  can  be 
identified  in  Kentucky.  Possibly  the  gigantic  fish  remains 
found  in  the  Devonian  Black  shale  east  of  Indian  Fields,  in 
Clark  county,  may  eventually  shed  light  on  this  question. 

In  Indiana,  the  Devonian  limestones  have  been  divided  by 
Edward  M.  Kindle  into  three  divisions,  in  descending  order: 
c.    The  Sellersburg  beds, 
?>.    The  Jeffersonville  beds^  and 
a.    The  Geneva  limestone. 

Of  these,  the  Jeffersonville  limestone  corresponds  approxi- 
mately to  the  Columbus  limestone  of  Ohio,  while  the  Geneva 
limestone  appears  to  occupy  about  the  same  position  strati- 
graphically  as  the  comparatively  unfossiliferous  section  below 
the  Columbus  limestone,  in  Ohio. 

The  Sellersburg  fauna  has  not  been  traced  south  of  a  rail- 
road cut,  a  quarter  of  a  mile  south  of  Huber,  sixteen  miles 
south  of  the  Ohio  river  at  Louisville.  In  Ohio,  the  Delaware 
limestone  has  not  been  traced  south  of  Columbus.  The  De- 
vonian limestones  of  central  Kentucky  appear  to  be  closely 
related  to  the  Columbus  limestone  of  Ohio  and  the  Jefferson- 
ville limestone  of  Indiana.  In  Indiana,  the  Geneva  limestone 
appears  to-  thin  out  southward  before  reaching  the  Ohio  river. 
The  Devonian  limestones  of  Ohio  are  separated  from  the  De- 
vonian limestones  of  Kentucky  by  a  broad  area  along  the  Ohio 
river,  in  which  no  Devonian  limestones  are  known.  Hence  it 
is  impossible  to  trace  the  divisions  established  in  Ohio  south- 
Avard  into  Kentucky  by  stratigraphical  means.  Under  these 
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circumstances,  it,  obviously,  is  impossible  to  determine  whether 
any  of  the  less  fossiliferous  beds  at  the  base  of  the  Devonian 
limestone  section  in  Kentucky  correspond  to  the  comparatively 
unfossiliferous  part  at  the  base  of  the  Devonian  in  Ohio,  or  not. 

Several  layers,  apparently  belonging  to  the  Devonian  lime- 
stone section  of  central  Kentucky,  deserve  special  consideration. 
One  of  these  is  a  layer  at  the  top  of  the  section  which  frequently 
has  a  somewhat  brecciated  appearance.  This  appearance  is  be- 
lieved to  be  due  to  pressure  and  to  incipient  yielding-  of  rock 
without  actual  dislocations  of  the  particles.  Figures  2 A  and 
2B  on  plate  8  give  a  very  fair  idea  of  the  appearance  of  this 
rock  when  freshly  broken.  It  is  well  exposed  along  the  rail- 
road cut,  half  a  mile  north  of  Junction  City,  in  B'oyle  county, 
Kentucky,  an  I  it,  therefore,  has  been  called  the  Duftin  rock  or 
limestone. 

Another  interesting  layer  occurs  at  the  base  of  the  Devonian 
limestone  section.  It  usually  is  strongly  argillaceous,  and  fre- 
quently contains  coarse  sandy  particles,  some  of  which  are 
black  and  nodular  in  character.  This  layer  often  is  less  than 
four  inches  in  thickness,  but  frequently  contains  fish  remains, 
including  teeth  and  plates.  In  former  reports  of  the  Kentucky 
Survey,  this  layer  was  identified  as  Oriskany.  It  is  well  ex- 
posed along  the  railroad  west  of  Preston,  in  Bath  county ;  north 
of  Berea,  along  the  railroad,  in  Madison  county;  and  at  various 
localities  near  Indian  Fields,  in  Clark  county.  The  only  avail- 
able name  for  this  rock  appears  to  be  K \ddr\Uc  bed  or  layer, 
derived  from  a  small  hamlet,  about  a  mile  north  of  Indian 
Fields,  near  which  a  number  of  exposures  occur,  along  the 
banks  of  Lulbegrud  creek. 

At  several  localities^near  Junction  City,  Crab  Orchard,  and 
elsewhere,  the  peculiar  organism  believed  to  be  a  worm  boring, 
known  as  Taonurus  caudagalli,  is  found  in  the  lower,  less  fossil- 
iferous part  of  the  Devonian  limestone  section.  It  has  not  yet 
been  determined  whether  this  organism  indicates  any  particular 
horizon  in  the  Devonian  limestone  section.  At  present  this 
appears  to  be  the  case,  notwithstanding  the  fact  that  the  same 
borings  occur  in  great  numbers  also  at  various  horizons  in  the 
Waverly  section. 
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SILURIAN. 

In  Ohio,  the  Niagaran  division  of  the  Silurian  has  been 
divided  into  the  following  subdivisions,  named  in  descending 
order : 

/.    Hillsboro  sandstone, 
e.    Cedarville  limestone, 

d.  Springfield  limestone, 

c.  West  Union  limestone, 

b.  A  formation  identified  with  the  Niagara  shales  of  New 

York,  usually  with  a  persistent  layer  of  limestone 
at  the  base,  known  as  the  Dayton  limestone.  Al- 
though these  so-called  shales  consist  of  a  consider- 

o 

able  thickness  of  soft  clays  or  clay  shales  in  the 
southern  part  of  the  State,  farther  north  and  north- 
west, tosvard  Xenia,  Dayton,  and  Eaton,  these  clays 
are  replaced  by  a  much  smaller  section  of  thin  linie- 
limestones  separated  by  partings  of  clay, 
a.  A  limestone  formation  identified  with  the  Clinton  of 
New  York. 

In  southern  Indiana,  the  following  subdivisions  of  the  Niag- 
aran  are  recognized: 

e.  Louisville  limestone, 

d.  Waldron  clay, 

c.  Laurel  limestone, 

5.    Osgood  clay,  with  some  limestone, 
a.    A  limestone  formation  identified  with  the  Clinton  of 
New  York. 

These  subdivisions  may  be  traced  from  southern  Indiana 
southward  as  far  as  Raywick,  in  Marion  county.  No  Niagaran 
exposures  occur  between  Raywick  and  Stanford,  in  Lincoln  coun- 
ty. Northeast  of  Stanford,  along  the  eastern  side  of  the  Cincin- 
nati geanticline  in  Kentucky,  the  Niagaran  consists  chiefly  of 
limestones  near  the  base,  overlaid  by  a  section  of  strata  consist- 
ing chieflv  of  clav.  The  more  continuous  section  of  limestones 

o  */  *• 

at  the  base  of  the  Niagaran  have  beea  identified  in  former  re- 
ports of  the  Kentucky  Survey  with  the  Clintoni  of  New  York. 
The  overlying  clays  are  a  southern  continuation  of  the  great 
mass  of  clays  and  clay  shales  in  southern  Ohio  which  have  been 
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identified  with  the  Niagara  shales  of  New  York,  now  known  as 
the  Rochester  shales.  The  southern  extension  of  these  clays,  in 
central  Kentucky,  were  appropriately  named  the  Crab  Orchard 
shales,  although  this  term  was  not  defined  with  sufficient  accur- 
acy to  determine  what  layer  the  author  intended  should  form 
the  base  of  these  shales.  As  far  as  may  be  determined  from  the 
evidence  at  hand,  these  Crab  Orchard  clay  shales  correspond 
stratigraphically  to  the  southern  extension  of  the  Osgood  clay 
shales,  on  the  western  side  of  the  Cincinnati  geanticline. 

For  the  more  continuous  limestone  section,  at  the  base  of 
the  Niagaran  division  of  the  Silurian,  hitherto  identified  with 
the  Clinton  of  New  York,  the  name  Brass-field  limestone  is  pro- 
posed. The  term  Crab  Orchard  shales  has  been  redefined,  and, 
for  purposes  of  more  exact  study,  the  following  subdivisions 
have  been  proposed,  named  in  descending  order : 

c  Estill  clay. 

f  Alger  formation •<   Waco  limestone. 

^  Lulbegrud  clay. 

Crab  Orchard  division •< 

1  Indian  Fields  formation  \  Oldham  limestone. 

{  Plum  creek  clay. 

|  Brassfield  limestone. 

Where  the  Waco  limestone  horizon  can  not  be  distinguished 
the  name  Flades  clay  may  be  used  so  as  to  include  both  the 
Waco  and  Estill  horizons. 

Special  consideration  of  the  various  divisions  and  subdi- 
visions of  the  Niagaran  of  east-central  Kentucky  is  deferred 
to  a  later  part  of  this  bulletin. 


CINCINNATIAN. 

The  Cincinnatian  formations  of  Ohio,  Indiana,  and  Ken- 
tucky include  great  thicknesses  of  rock,  shale,  and  clay,  so  thatr 
in  order  to  designate  with  greater  exactness  the  location  of  in- 
dividual layers  or  of  the  smaller  sets  of  layers  which  for  any 
reason  may  be  of  special  interest,  it  has  been  found  necessary  to 
divide  the  groups  already  mentioned  into  still  smaller  subdi- 
visions, named  in  the  following  list  in  descending  order: 
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{Saluda  bed. 
Vpr=!flillfK!  hpH  J    Whitewater  division. 

Versailles   bed 4 
I   Liberty  division. 
Waynesville  bed. 

f  Arnheim  bed. 
Mount  Auburn  bed. 
Corryville  bed. 
Maysville  formation. 


Bellevue  bed. 

Fairmount  bed,  including  Tate  layer  in  up- 

per half. 
Mount  Hope  bed. 

J   Paint  Lick  bed,  or  Upper  Eden. 
Million  bed  .....       Middie  Eden- 


Lower  Eden. 
Fulton,  or  Triarthrus  becki   layer. 

Cynlltlana   formation..  .  t  Point  Pleasant  be(L 

(  Greendale  bed. 

Of  these  formations,  only  the  upper  or  Richmond  forma- 
tion will  be  of  interest  in  connection  with  the  present  bulletin, 
since  this  is  the  formation  upon  which  the  Silurian  formations 
rest. 

THE   CINCINNATI   GEANTICLINE. 

When  rocks  are  traversed  by  long  cracks  and  the  strata  on 
opposite  sides  of  the  crack  are  displaced  by  slipping,  so  that 
corresponding  layers  no  longer  are  opposite  to  each  other,  they 
are  said  to  be  faulted,  and  the  cracks  are  known  as  faults.  Some- 
times the  displacement  along  these  faults  is  of  considerable  di- 
mensions, the  layers  on  one  side  of  the  crack  being  found  more 
than  a  thousand  feet  above  or  below  the  corresponding  layers 
on  the  other  side.  Vertical  displacements  of  these  dimensions 
do  not  occur  in  central  Kentucky,  but  several  faults  with  dis- 
placements between  100  and  300  feet  are  known  to  exist,  and 
some  of  these  faults  may  be  traced  for  a  considerable  distance 
across  the  State.  One  of  these,  known  as  the  Kentucky  River 
Fault,  may  be  traced  for  a  distance  of  forty  miles  a  little  south 
of  west,  across  the  southern  ends  of  Clark  and  Jessamine  coun- 
ties. Another  fault  passes  across  the  southern  part  of  Oarrard 
county,  five  miles  south  of  the  railroad  passing  through  Paint 
Lick,  and  crosses  Lincoln  county  south  of  Stanford  and  north 
of  McKinney,  in  a  direction  also  soulh  of  west.  Other  faults 
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follow  very  different  directions.  One  of  these,  five  miles  east 
of  Richmond,  has  a  southeasterly  direction. 

In  addition  to  faults,  the  rocks  of  the  State  are  traversed 
also  by  various  folds.  Some  of  these  are  local.  Others  can  be 
traced  for  long;  distances.  Sometimes  the  folds  and  faults  cross 

o 

each  other,  so  that' the  same  area  may  be  affected  by  more  than 
one  series  of  folds  and  faults. 

Among  the  folds,  one  is  preeminently  dominant,  since  it  af- 
fects the  rocks  of  almost  the  entire  State,  extending  northward 
into  Ohio  and  Indiana,  and  southward  to  the  southern  boundar- 
ies of  Tennessee.  It  is  known  as  the  Cincinnati  geanticline. 
The  crest  or  axis  of  this  fold  enters  Kentucky  from  Ohio,  east 
of  Cincinnati,  near  the  line  between  Pendleton  and  Bracken 
counties,  and,  traversing  the  State  in  a  diagonal  direction,  en- 
ters Tennessee  south  of  Burksville.  From  this  crest  or  axis 
the  rocks  dip  eastward,  as  far  as  the  eastern  margin  of  the 
State,  and  westward  as  far,  at  least,  as  Daviess,  McLean,  and 
Muhlenberg  counties.  On  the  eastern  side  of  the  crest,  the 
rocks  dip  southeast  toward  Virginia.  In  the  more  northern 
parts  of  the  State,  west  of  the  crest,  the  rocks  dip  westward, 
toward  the  southern  part  of  Illinois.  In  the  more  southern 
parts  of  the  State,  possibly  owing  to  a  subsidiary  line  of  folding 
whose  axis  extends  in  an  east  and  west  direction,  the  dips  on 
the  western  side  of  the  geanticline  appear  to  swing  around  to- 
ward the  northwest.  Comparatively  little  accurate  geological 
work  has  been  done  in  this  southwestern  area  as  yet,  but  it  is 
known  that  the  western  part  of  the  State  is  traversed  by  some 
considerable  faults,  and  probably  by  some  folds. 

A  fold  affecting  rock  over  so  wide  a  territory  often  is  called 
a  geanticline,  in  order  to  distinguish  it  from  folds  of  winch 
smaller  dimensions,  which  receive  the  much  more  commonly 
used  name  of  anticlines.  In  Ohio,  this  geanticline  is  known 
as  the  Cincinnati  geanticline,  Cincinnati  being  the  most  prom- 
inent city  any  where  near  the  crest  of  the  fold. 

The  crest  or  axis  of  the  Cincinnati  geanticline  does  not  main- 
tain the  same  general  elevation  along  its  entire  length.  Its 
greatest  elevation,  in  Kentucky,  appears  to  be  south  of  Nicholas- 
ville,  in  Jessamine  county.  From  this  area  the  axis  of  the  fold 
gradually  sinks  both  toward  the  north  and  the  south.  It  is 
estimated  that  from  Lexington  to  the  northeastern  corner  of 
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Pendleton  county,  on  the  Ohio  river,  the  dip  of  the  top  of  the 
Lexington  limestone  is  almost  475  feet,  an  average  dip  of  six 
feet  per  mile.  From  Nicholasville  southward  to  Junction  City, 
the  dip  is  estimated  at  approximately  400  feet,  a  dip  of  almost 
seventeen  feet  per  mile.  From  Junction  City  southward  to  the 
Cumberland  river,  the  dip  probably  exceeds  250  feet,  an  average 
of  about  five  feet  per  mile.  Southward,  from  the  Cumberland 
river  toward  Rutherford  county,  in  central  Tennessee,  the  con- 
tinuation of  the  axis  ot"  the  Cincinnati  geanticline  rises  more 
than  700  feet. 

Owing  to  the  relatively  low  elevation  of  the  axis  of  the  Cin- 
cinnati geanticline  in  southern  Kentucky,  the  fold  has  been 
regarded,  at  times,  as  made  up  of  two  domes,  to  the  northern  of 
which  Prof.  Arthur  M.  Miller  has  given  the  name  Jessamine 
dome,  while  the  southern  culmination  of  the  axis  has  been 
called  the  Rutherford  dome.  It  should  be  remembered,  however, 
that  the  structure  in  reality  is  that  of  a  geanticline,  and  that 
the  so-called  domes  are  merely  the  areas  of  highest  elevation 
along  the  axis  of  folding. 

The  dip,  of  course,  is  much  greater  down  the  sides  of  the 
geanticline  than  along  its  axis.  Prof.  Arthur  M.  Miller  has 
shown  that  the  elevation  of  the  top  of  the  Lexington  limestone 
near  Brannon  Station,  in  Jessamine  county,  is  1,050  feet  above 
sea  level,  while  near  Drennon  Springs,  toward  the  mouth  of 
the  Kentucky  river,  it  is  430  feet,  a  drop  of  620  feet  in  fifty 
miles,  or  a  dip  of  12.4  feet  per  mile.  If  these  measurements 
had  been  made  directly  down  the  flanks  of  the  anticline,  a  much 
greater  dip  would  have  been  shown.  It  has  been  estimated,  for 
instance,  that  from  Lexington  to  Louisville,  a  distance  of  sev- 
enty miles,  the  dip  is  more  than  1,500  feet,  by  far  the  greater 
part  of  this  dip,  1,300  feet,  occurring  between  Lawrenceburg 
and  Louisville,  a  distance  of  fifty  miles,  or  a  dip  of  twenty-six 
feet  per  mile.  In  the  same  manner  the  dip  from  Lexington  to 
Irvine,  a  distance  of  about  thirty-six  miles,  has  been  estimated 
at  fully  1,000  feet,  a  dip  of  twenty-eight  feet  per  mile.  These 
dips  of  twenty-six  and  twenty-eight  feet  per  mile  down  the 
sides  of  the  geanticline  certainly  are  in  great  contrast  with 
those  along  the  crest  of  the  fold,  the  dip  from  Lexington  to  the 
northeastern  corner  of  Pendleton  county  being  only  six  feet 
per  mile,  and  that  from  Junction  City  to  the  Cumberland  river, 
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five  feet  per  mile.  The  considerable  dip  of  seventeen  feet  per 
mile  in  the  relatively  short  distance  between  Nicholasville  and 
Junction  City  unquestionably  has  some  connection  with  the 
line  of  faulting  extending  along  the  Kentucky  river  and  with 
other  minor  faults  not  yet  carefully  investigated.  The  general 
effect  of  this  faulting  has  been  to  place  the  strata  south  of 
Jessamine  and  Mercer  counties  at  a  considerably  lower  eleva- 
tion than  the  corresponding  strata  north  of  the  same.  It  prob- 
ably is  faulting  rather  than  dip  which  accounts  for  the  rapid 
sinking  of  the  axis  between  Nieholasville  and  Junction  City. 
The  total  lowering  of  the  axis  between  Nicholasville  and  the 
Cumberland  river  is  only  nine  feet  per  mile.  Even  the  faults 
along  the  flanks  of  the  geanticline  appear  to  be  of  such  a  char- 
acter as  to  leave  the  strata  toward  the  crest  of  the  geanticline 
at  relatively  higher  elevations.  Very  *e\v  of'these  faults  have 
been  studied  with  any  degree  of  care.  In  case  of  many  of  the 
minor  folds  not  even  the  directions  of  the  axes  have  been  de- 
termined. Under  these  circumstances  the  more  exact  structure 
of  the  Cincinnati  geanticline,  in  Kentucky,  may  be  said  to  be 
still  comparatively  unknown. 


Areas  of  Exposure  of  the  Paleozoic  Rocks  of  Kentucky. 


If  a  considerable  number  of  leaves  if  a  book  were  moderately 
folded  lengthwise,  and  then  placed  approximately  horizontally 
upon  a  table,  the  axis  of  the  fold  would  extend  from  the  top  to 
the  bottom  of  the  page,  and  from  this  axis  the  leaves  would  dip 
both  to  the  right  and  the  left.  In  this  position,  to  an  observer 
looking  vertically  downward,  only  the  surface  of  the  uppermost 
leaf  Avould  be  visible.  If,  however,  a  number  of  incisions  were 
made  with  a  penknife,  by  roughly  cutting  through  the  upper- 
most leaves,  the  lower  leaves  would  be  exposed  along  the  mar- 
gins and  lower  parts  of  these  cuts.  In  this  state,  the  book 
would  illustrate  readily  what  would  result  if  a  series  of  ap- 
proximately horizontal  rock  layers  were  gently  folded  and  raised 
above  the  level  of  the  sea.  At  first  only  the  uppermost  layers  of 
rock  would  be  exposed,  but  in  the  course  of  time,  after  streams 
and  rivers  had  cut  vallevs  into  rocks,  some  of  the  underlving 
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layers  also  would  become  visible.  The  oldest  rocks  would  be 
exposed  along  the  bottom  of  the  deepest  valleys. 

In  the  cases  of  streams  cutting  their  channels  transversely 
across  the  entire  width  of  the  fold,  the  lowest  strata  would  be 
reached  at  the  bottom  of  the  channels  in  that  part  of  their  course 
which  was  directly  beneath  the  crest  of  the  fold.  For  in- 
stance, the  lowest  strata  exposed  in  the  State  of  Kentucky  are 
found  at  the  bottom  of  the  gorge  of  the  Kentucky  river,  near 
Camp  Xelson,  in  the  southern  part  of  Jessamine  county.  The 
lowest  strata  exposed  along  the  Licking  river  are  exposed  at 
the  bottom  of  the  channel  somewhere  between  Falmouth  and 
the  mouth  of  North  Fork.  The  lowest  strata  exposed  along 
the  Ohio  river  are  seen  east  of  Moscow.  Both  up  and  down 
stream  from  these  localities,  successively  overlying  beds  are 
exposed  at  the  river's  edge.  (See  map  opposite  title  page.) 

If,  now,  with  a  sharp  knife  held  horizontally,  a  considerable 
portion  of  the  upper  part  of  the  fold  formed  by  the  leaves  of 
the  book  were  cut  away,  the  lowest  leaves  would  be  exposed  for 
considerable  distances  along  the  axis  of  the  fold,  directly  be- 
neath its  former  crest,  and  the  overlying  leaves'  would  be  found 
on  each  side  of  the  fold,  at  successively  greater  distances  from 
its  axis.  In  this  state,  the  book  would  readily  illustrate  what 
would  result  if  the  upper  parts  of  a  fold  w7ere  removed  by 
weathering,  especially  if  the  part  remaining  were  reduced  to  a 
comparatively  level,  or  only  moderately  undulating,,  plain. 
Tlio.se  strata  which  belong  lowest  in  the  series  would  be  exposed 
along  that  part  of  the  surface  which  lay  directly  beneath  the 
former  crest  of  the  fold,*  and  relatively  overlying  strata  Avould 
come  to  the  surface  at  approximately  the  same  elevations,  but 
at  a  greater  distance  from  the  former  crest  of  the  fold.  The 
outcrops  of  the  strata  would  form  bands  approximately  parallel 
to  the  length  of  the  fold,  with  the  relatively  lowest  rocks  form- 
ing the  central  band,  and  the  overlying  rocks  occurring  on  both 
sides,  but  at  successively  greater  distances  from  this  band.  In 
the  ease  of  folds  whose  flanks  still  show  a  considerable  elevation 
above  the  surrounding  country,  the  anticline  structure  may  be 
recognized  readily  without  the  assistance  of  any  considerable 
geological  study.  But  in  the  case  of  folds  which  have  been  re- 
duced by  weathering  to  a  comparatively  level  plain,  the  earliest 


*See  Plate  B,  Fig.  3.  page  125. 
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clue  to  the  anticline  structure  may  be  offered  by  the  peculiar 
symmetrical  arrangement  of  the  strata,  in  long  bands  on  op- 
posite sides  of  the  fold,  the  oldest  strata  along  the  middle  of  the 
fold,  following  the  crest,  the  more  recent  strata  on  either  side 
at  successively  greater  distances  from  the  axis. 

If  the  original, crest  of  the  fold  had  varied  considerably  in 
altitude,  rising  at  some  points  to  considerable  heights,  and  dip- 
ping thence  for  considerable  distances  toward  both  ends  of  the 
fold,  the  lines  of  outcrop  of  the  various  strata  would  have  been 
more  nearly  oval  or  oblong.  The  oldest  strata  would  be  ex- 
posed in  a  central  area  underlying*  that  part  of  the  original 
crest  of  the  fold  which  had  attained  the  greatest  elevation,  and 
around  this  central  area  the  relatively  overlying  beds  would 
be  arranged  in  successively  more  distant  oval  or  oblong  bands. 
This  is  the  structure  characterizing  Kentucky  and  the  adjacent 
parts  of  Ohio  and  Indiana. 

The  oldest  rocks  of  the  State,  the  High  B'ridge  and  Lexing- 
ton formations,  form  a  central  area  occupying  the  Bluegrass; 
region  of  Kentucky,  including  the  territory  between  Frankfort, 
Georgetown,  Paris,  Winchester,  Nicholasville,  Danville,  Har- 
rodsburg,  and  a  considerable  part  of  the  immediately  surround- 
ing country.  Surrounding  this  central  area  is  the  great  baud  of 
Cincinnatian  rocks,  whose  outer  boundaries  reach  Bardstowrn 
and  Lagrange,  Kentucky;  Madison,  Versailles,  Connersville,  and 
Richmond,  in  Indiana;  Eaton,  Dayton,  Xenia,  Wilmington,  and 
Sardinia,  in  Ohio;  and  Maysville,  Owingsville,  Richmond,  and 
Stanford,  in  eastern  Kentucky.  It  will  be  noticed  that  this 
band  widens  enormously  on  the  northern  and  northwestern  sides 
of  the  central  area,  occupied  by  the  High  Bridge  and  Lexington 
series.  The  general  area  of  outcrop  of  these  Ordovician  strata, 
the  High  Bridge,  Lexington,  and  Cinrinnatian  rocks,  is  shown 
on  the  map  facing  the  title  page  of  this  bulletin.  Here  the 
area  left  in  white  represents  the  area  of  outcrop  of  the  Ordo- 
vician strata  of  Ohio,  Indiana,  and  the  north-central  part  of 
Kentucky,  with  the  exception  of  that  small  part  of  the  map 
which  represents  the  country  south  of  Chicago,  Lebanon,  and 
Stanford,  where  the  Ordovician  rocks  frequently  are  overlaid 
directly  by  Devonian  strata.  In  the  areas  covered  by  the  small 
dots,  Silurian  rocks  occur,  either  exposed  at  the  surface,  or  cov- 
ered by  Devonian  arid  later  formed  strata.  The  general  direc- 
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tion  followed  by  the  axis  of  the  Cincinnati  geanticline  in  Ken- 
tucky is  indicated  by  the  legend  printed  across  the  lower  part 
of  the  map.  The  dotted  line,  extending  from  that  point  on  the 
map  marked  Chicago  to  Frankfort,  Boyd,  Paris,  Lancaster,  and 
Stanford,  is  not  intended  to  limit  the  axis  of  the  fold,  but  to  in- 
dicate that  part  of  the  State  in  which  it  is  believed  that  the  De- 
vonian formerly  rested  directly  upon  the  Ordovician,  the  Niag- 
ran  strata  being  absent  Since  the  delimitation  of  this  area, 
north  of  Chicago,  Lebanon,  and  Stanford,  is  merely  theoretical 
and  not  based  upon  a  sufficient  number  of  verified  data,  this 
feature  of  the  map  is  offered  rather  as  an  interesting  sugges- 
tion, than  as  a  well  established  fact. 

In  Kentucky,  the  Silurian  formations  form  a  narrow  band 
bordering  the  exterior  edge  of  the  Ordovician  area.  From  Stan- 
ford this  band  extends  northward  to  the  Ohio  river  at  a  point 
fully  ten  miles  east  of  Maysville ;  thence  it  continues  into  Ohio 
to  a  point  about  fifteen  miles  west  of  Columbus,  widening  rap- 
idly north  of  the  Ohio  river.  North  of  Eaton,  Dayton,  and  the 
point  west  of  Columbus,  the  Silurian  covers  almost  the  entire 
western  section  of  the  State,  as  far  north  as  Toledo  and  San- 
dusky,  with  the  exception  of  the  extreme  northwestern  corner 
of  the  State,  and  several  small  areas  east  of  Bellefontaine. 
Westward,  the  Silurian  may  be  traced  across  the  northern  part 
of  Indiana  to  Illinois  and  Wisconsin.  Farther  south,  in  In- 
diana, the  western  line  of  exposure  extends  from  Peru  to  Koko- 
mo,  Noblesville,  Rushville,  Greensburg,  and  Madison.  It 
crosses  the  Ohio  river  at  Louisville,  and  from  this  point  Silur- 
ian strata  may  be  traced  as  far  south  as  Raywick,  west  of  Leb- 
anon, Kentucky.  Between  the  exposures  several  miles  east  of 
Raywick  and  those  three  miles  south  of  Stanford,  the  Silurian 
formations  are  absent,  the  Devonian  strata,  when  present,  rest- 
ing directly  upon  the  Ordovician. 

The  Devonian  formations,  in  Kentucky,  form  narrow  bands 
similar  to  those  of  the  Silurian  just  described,  but  across  the 
south-central  part  of  the  State,  between  Raywick,  Lebanon,  and 
Stanford,  the  line  of  outcrop  practically  is  continuous.  From 
Stanford,  the  band  of  Devonian  rocks  extends  northward  to 
Vanceburg,  Kentucky,  to  Columbus  an.l  Bucyrus,  Ohio,  reaching 
Lake  Erie  at  Huron  and  Vermillion.  Throughout  this  entire 
length  it  remains  a  remarkably  narrow  and  characteristic  band. 
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easily  recognized,  and  has  formed  one  of  the  most  valuable  hori- 
zon markers  for  the  geologist. 

North  of  Kaywick,  the  Devonian  formations  may  be  traced 
to  Louisville,  and  thence  to  Columbus,  Indianapolis,  and  Lafay- 
ette, to  Rensselaer,  in  the  northwestern  part  of  the  State  of 
Indiana.  Here  again  it  forms  a  very  characteristic  band,  al- 
though broader  than  in  the  State  of  Ohio. 

At  distances  still  more  remote  from  the  area  of  outcrop  of 
Ordovician  strata  occur  first  the  Mississippiau  strata,  and  then 
the  Pennsylvanian  formations,  or  Coal  Measures. 

The  special  field  of  investigation  covered,  in  a  preliminary 
manner,  by  this  bulletin,  is  the  distribution  and  stratigraphicai 
arrangement  of  the  Silurian  clays  along  the  eastern  side  of  the 
Cincinnati  geanticline,  in  Kentucky.  Since  it  was  impossiU", 
in  the  brief  time  devoted  to  field  work,  to  examine  thoroughly 
all  parts  of  this  territory,  attention  was  confined  chiefly  to 
that  part  of  the  band  of  Silurian  rocks  lying  between  Stanford 
and  Owingsville,  and  more  especially  to  that  part  of  this  area 
lying  between  Moberly,  Panola,  Irvine,  Clay  City,  and  Indian 
Fields.  The  extension  of  the  stratigraphy  worked  out  in  this 
more  limited  area  to  the  entire  area  between  Stanford  and  Ow- 
ingsville has  been  attended  with  some  difficulties  which  have  not 
been  fully  conquered.  The  solution  of  the  various  problems  in- 
volved must  depend  upon  future  field  work.  Advantage  was 
taken,  however,  of  the  numerous  notes  accumulating  during 
this  preliminary  survey,  to  give  all  information  available  re- 
garding the  limestones,  accompanying  the  Silurian  clays,  the 
Devonian  limestones  overlying  the  Silurian  formations,  and 
such  other  information  as  was  thought  might  prove  of  interest 
at  this  early  stage  of  progress  of  the  Survey. 


More  thinly 
bedded  layers. 


More  massive 
layers. 


Fig.  1.    Brassfield  or  Clinton  Bed,  between  Brassfield  and  Panola,  on  the  Louisville  and  Atlantic  R.  R. 
Near  the  eastern  end  of  the  type  section. 
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The  Classification  of  Silurian  Rocks  of  East-Central 

Kentucky. 


TABLE  OF  FORMATIONS. 

f  Estill  clay. 
f  Alger  formation -j  Waco  limestone. 

'l  Lulbegrud  clay. 
Crab  Orchard  division  J 

of  Silurian 1  j  Oldham  limestone. 

Indian  Fields  formation j  _,, 

L  <  Plum  creek  clay. 

Brassfield  formation..  .  \  Brassfleld  limestone. 


BRASSFIELD    LIMESTONE. 

The  typical  exposure  of  the  Brassfield  limestone  occurs  along 
the  Louisville  and  Atlantic  Railroad,  between  Brassfleld  and 
Panola,  in  Madison  county.  Here  the  lower  part  of  the  lime- 
stone is  exposed  best  near  Panola,  while  the  upper  part  is  seen 
nearer  Brassfleld.  An  equally  good  exposure  is  found  about 
a  mile  and  a  half  northwest  of  Indian  Fields,  west  of  Howard 
creek,  along  the  Lexington  and  Eastern  Railroad,  in  Clark 
county. 

The  lower  part  of  the  Brassfield  limestone  usually  consists 
of  one  or  several  rather  thick  and  massive  appearing  layers, 
while  the  middle  and  upper  part  consist  of  more  numerous,  thin- 
ner-bedded layers;  toward  the  top  of  the  section  these  lime- 
stones often  are  interbedded  with  thin  layers  of  clay.  (See 
Fig.  1.) 

The  massive  layers,  at  the  base,  usually  are  unfossiliferous, 
even  on  close  examination.  They  do  not  weather  to  as  deep  a 
rusty-yellowish-brown  as  the  thinner  layers  of  the  Brassfield 
limestone.  Frequently  they  have  a  more  argillaceous  appear- 
ance than  the  thinner  layers,  and  their  color,  when  freshly  ex- 
posed, is  more  bluish.  On  this  account  there  was  at  first  a  dis- 
position to  separate  these  more  massive  layers  at  the  base  of 
the  Brassfield  section  from  the  more  thinly  bedded  limestones 
above,  but  further  observations  have  not  proven  that  they  form 
a  distinct  series.  It  has  been  noticed  that  in  some  are'as  the 
total  thickness  of  these  massive  layers  seems  to  vary  consider- 
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ably,  while  the  thickness  of  the  entire  Brassfield  section,  in 
the  same  area,  is  fairly  constant.  In  most  cases  only  the  lower 
part  of  the  BrassfieAl  limestone  has  a  massivevappearance,  while 
in  others  afmost  the  entire -section  has  this  massive  character. 
From  this  the  conclusion  has  been  drawn  that  the  conditions 
favoring  the  formation  of  massive  beds  were  quite  general  at 
the  beginning  of  the  period  of  deposition  of  the  Brassfield  lime- 
stone, but  that  the  changes  favoring  the  formation  of  thinner 
beds  entered  different  parts  of  the  field  at  different  times,  so 
that  massive  beds  continued  to  be  formed  at  some  localities, 
while  thinner  layers  already  were  being  formed  at  others. 

Between  Brassfield  and  Panola,  the  total  thickness  of  the 
massive  layers  is  six  feet.  Northwest  of  Indian  Fields,  it  is 
seven  feet.  Southeast  of  Bobtown,  it  is  eight  feet.  Near  Ham- 
mack,  the  massive  layer  varies  between  eight  and  nine  feet, 
and  forms  practically  the  entire  Brassfield  section.  East  of 
College  Hill?  on  the  contrary,  the  massive  layer  is  only  sixteen 
inches  thick,  and  the  overlying  part  is  well  bedded.  West  of 
Crab  Orchard,  on  the  eastern  side  of  Cedar  creek,  along  the 
pike  to  Stanford,  the  massive  layers  have  a  thickness  of  four 
feet  four  inches ;  the  overlying  part,  three  feet  four  inches  thick, 
is  separable  into  a  greater  number  of  layers,  but  evidently  cor- 
responds to  the  upper  part  of  the  massive  section  as  exposed 
at  Hammack,  or  at  the  Anderson  locality,  three  and  a  half 
miles  southeast  of  Lancaster.  In  the  same  manner,  at  Crab 
Orchard,  a  mile  and  a  half  west  of  the  railroad  station,  along 
the  county  road,  the  massive  limestone  has  a  thickness  of  only 
two  and  one-half  feet;  a  mile  and  a  half  farther  west,  along 
the  same  road,  its  thickness  is  two  feet;  while  between  these 
localities,  on  the  western  side  of  the  eastern  fork  of  Cedar 
creek,  the  Brassfield  rock  has  a  fairly  massive  appearance  for 
a  total  thickness  of  eight  and  one-half  feet  above  the  base. 
About  four  miles  north  of  Berea,  half  a  mile  south  of  Whites 
Station,  the  massive  layer  at  the  base  of  the  Brassfield  lime- 
stone has  a  thickness  of  two  feet,  but  the  lower  part  of  the  im- 
mediately ovei  lying  thinner-bedded  layers  evidently  corresponds 
stratigraphically  to  the  upper  part  of  the  more  massive  layers, 
as  exposed  southeast  of  Bobtown. 

As  far  as  may  be  judged  from  the  massive  appearance  of 
these  layers  where  they  project  from  the  sides  of  ravines,  these 
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massive  layers  withstand  the  action  of  weathering  well,  and 
could  be  employed  locally  for  building-  rock.  However,  owing 
to  the  moderate  thickness  of  even  the  thickest  exposures,  it 
would  not  pay  to  open  extended  quarries  in  this  rock. 

The  overlying  parts  of  the  Brassfield  limestone  are  too  thin- 
bedded  and  irregular  to  be  of  value  for  any  purpose  except 
crushed  rock.  In  the  lower  part  of  this  thin-bedded  section, 
the  limestone  layers  are  likely  to  be  separated  by  very  thin 
layers  of  clay.  In  the  upper  part  of  the  Brassfield  section,  these 
layers  of  clay  are  likely  to  be  thicker,  but  not  sufficiently  to 
predominate  over  the  limestones.  Farther  northward,  from 
Montgomery  county,  in  Kentucky,  to  Highland  county,  in  Ohio, 
the  relative  quantity  of  clay  in  the  upper  part  of  the  B'rassfield 
section  increases.  Northwest  of  Highland  county,  however, 
clay  occurs  only  at  the  very  top  of  the  Brassfield  section,  and 
at  many  localities  is  absent,  It  is  the  upper,  thinner-bedded 
part  of  the  Brassfield  limestone  which  is  fossiliferous.  Most 
of  the  fossils  occur  near  the  top  of  the  section. 

The  greatest  thickness  of  the  Brassfield  limestone,  in  the 
area  under  investigation,  was  recorded  from  the  type  locality, 
between  Brassfield  and  Panola  (from  eighteen  to  nineteen  and 
one-half  feet),  and  from  the  railroad  cut  a  mile  and  a  half  north- 
west of  Indian  Fields  (about  nineteen  feet).  About  four  and 
a  half  miles  northeast  of  Berea  and  a  mile  southeast  of  Bob- 
town,  at  the  northern  end  of  the  Jackson  hollow,  its  thickness 
is  seventeen  feet.  About  three  and  a  half  miles  south  of  Avest 
from  Clay  City,  north  of  Snow  Creek  church,  the  Brassfield 
limestone  measures  nearly  sixteen  feet.  However,  in  by  fa.' 
the  greater  part  of  the  area  between  Owingsville  and  Stanford, 
the  thickness  of  the  Brassfield  limestone  does  not  exceed  thir- 
teen feet,  and  often  is  less  than  this  amount. 

The  data  so  far  accumulated  do  not  warrant  any  definite 
statements  as  to  the  relation  between  the  variation  in  thick- 
ness of  the  Brassfield  limestone  and  the  distance  of  the  various 
exposures  from  the  crest  of  the  Cincinnati  geanticline.  How- 
ever, the  following  variation  in  thickness  was  noticed.  South- 
oast  of  Bobtown  the  B'rassfield  limestone  is  seventeen  feet  thick. 
Southeast  of  Brassfield?  it  is  nineteen  feet  thick.  West  of  the 
first  mentioned  locality,  the  sections  examined  so.  far  measure 
thirteen  feet  or  less,  and  north  of  the  second  locality  the  record- 
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ed  thicknesses  do  not  exceed  thirteen  or  fourteen  feet  These 
facts  suggest  that  in  this  area  the  Brassfleld  limestone  possi- 
bly becomes  thinner  toward  the  northwest.  Several  other, 
isolated,  observations  favor  this  view.  One  of  these  is  the  small 
thickness  of  the  Brassfield  section  (nine  feet)  at  a  locality  three 
and  a  half  miles  southeast  of  Lancaster,  on  the  road  to  Ham- 
mack.  Another,  is  the  small  thickness  (ten  feet)  seven  miles 
southwest  of  Indian  Fields,  and  a  mile  north  of  Merritt,  at  the 
Simpson  Brock  locality.  However,  the  considerable  thickness 
(sixteen  to  nineteen  feet)  of  the  Brassfleld  limestone  along 
the  long1  line  between  Plum  creek,  southwest  of  Clav  Citv,  and 

o  /  t/ 

the  exposures  along-  the  railroad  northwest  of  Indian  Fields, 
suggest  that  possibly  any  attempt  to  generalize  regarding  the 
relations  between  the  variations  in  thickness  of  the  Brassfleld 
limestone  and  the  relative  distance  of  the  various  exposures 
from  the  crest  of  the  Cincinnati  geanticline  is  premature.  A 
great  part  of  these  variations  may  be  quite  irregular  and  local. 

FAUNA  OF  THE  BRASSFIELD  LIMESTONE. 

The  Brassfield  limestone  of  east-central  Kentucky  contains 
the  southern  extension  of  the  fauna  characteristic  of  the  lime- 
stone section  which  in  Ohio  and  Indiana  has  been  identified 
as  Clinton. 

Along  the  railroad  between  Brassfield  and  Panola  the  fol- 
lowing species  were  found  in  the  upper  part  of  the  Brassfield 
limestone,  between  two  and  five  feet  below  the  WhitficldeUa 
horizon,  which  forms  the  upper  boundary  of  the  Brassfield  sec- 
tion: 

Calymmcne  rogdesi, 
Cyclonema  daytoncnsls, 
Rliynchotrema  scobina, 
Leptaena  rJwmboidalis, 
Plectaiubon  itcs  transfer  sails, 
Platystrophia  reversata, 
Dalmanclla  elegantula, 
Rliinopora  frondosa, 
Aspidopora  parmula, 
Cya th ophyllu  m  ca lycu hi  m. 
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Almost  directly  east  of  the  home  of  James  F.  Harris,  north 
of  Irvine,  where  the  road  crosses  White  Oak  creek,  almost  at 
the  level  of  the  creek,  the  following  species  occur,  just  beneath 
the  Whitfieldclla  horizon : 

Calymmene  niagarensis, 

Cyclonema  daytonensis, 

Rhynchotrema  scob'ma, 

Leptacna  rliomboidalis, 

Plecia  HI  l)on  lies  transversalis, 

Dalmanclla  elcgantula, 

Orthis  flabellites, 

Rhinopora  frondosa, 

Phylloporin a  a nyulata, 

Cya tli oph yUn m  ca lyculum. 

Nearly  a  mile  and  a  half  northwest  of  Indian  Fields,  along 
the  railroad,  in  a  railroad  cut,  the  following  species  were  found 
between  one  and  five  feet  below  the  Plum  creek  clay.  The  layer 
immediately  beneath  this  clay  contains  large  crinoid  beads  and 
a  few  specimens  of  the  Whitfieldella  characteristic  of  this 
horizon. 

Calymmene  vogdesi, 

Cyclonema  daytonensis, 

Rhynchotrema  scofoina, 

Triplecia  ortoni, 

Orthothetes  fisslplicata, 

Leptacna  rliomboidalis  f 

Dalmanella  clcgantula, 

Phylloporina  angulata, 

Rhinopora  frondosa, 

Phacnopora  e.rpansa, 

Zaph  i  -en  tis  day  ton  en  sis, 

Cyathophyltum  calyculum. 

Along  the  country  road  south  of  the  railroad,  two  miles  west 
of  Crab  Orchard,  the  following  species  were  seen  in  the  upper 
part  of  the  Brassfield  bed,  below  the  Whitfieldella  horizon : 

Orthis  flabellites, 
Platystrophia  daytonensis, 
Leptaena  rhomlioidalis, 
Zaphrentis  daytonensis, 
Cyathophyllu m  calyculum: 


32  KENTUCKY  GEOLOGICAL  SURVEY. 

At  the  Neal  Creek  church,  three  miles  south  of  Stanford, 
the  following  species  occur  in  the  upper  part  of  the  Brassfield 
limestone: 

Orthis  flabelUties, 
Dalmanella  elcgantula, 
Strophonella  daytonensis, 
Pachydictya  bifurcata, 
Halijsites  catcnulatus, 
Favosites  niagarcnsis, 
Cyatliopliyllum  calyculum. 

In  the  railroad  cut  almost  three  miles  north  of  Berea,  im- 
mediately below  the  layer  with  large  crinoid  beads  and  occa- 
sional specimens  of  Whitfieldelld^ihe  following  species  occur: 

Ortliotlictcs  cf.  tcnuis, 
Platystrophia  daytonensis, 
Heliolites  subtiibulata, 
Cyatliopliyllum  calyculum. 

Heliolites  subtubulata  occurs  in  the  Brassfield  limestone 
also  along  the  creek,  southwest  of  the  railroad  station  at  Panola. 

East  of  Moberly,  at  Elliston,  the  top  of  the  Brassfield  lime- 
stone section  contains : 

Orthis  flabcllites, 
Leptaena  rhomboidalis, 
Cyatliophyllum  calyculum. 

South  of  Indian  Fields,  at  Abbott's  Mill,  the  upper  part  of 
the  Brassfield  section  contains : 

Rhinopora  frondosa, 
Zapli  rcn  t  /.s  day  ton  ensis, 
Cyathopliyllum  calyculum. 

In  the  lower  part  of  this  section,  the  following  species  are 
found : 

Cyclonema  daytonensis,, 
Leptaena  rhomboidalis., 
Clathropora  frondosa. 

About  seven  miles  southwest  of  Indian  Fields,  and  a  mile 
•north  of  the  old  Simpson  Brock  place,  the  following  species 
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occur  in  the  upper  part  of  the  Brassfield  limestone,  just  below 
the  \\hitfieldella  layer: 

DalmaneUa  clegantula, 
Khinopora  frondosa, 
J'tydi opli ylliini  ipom ea, 
Cyathophyllum  calycuhim. 

A  much  greater  fauna  has  been  discovered  in  tht  northern 
extension  of  the  Brassfield  limestone,  in  Ohio  and  Indiana. 
Among  the  trilobites  this  fauna  includes: 

lllaenus  daytonensis, 

lllaenus  ambiguus, 

lllaenus  madisonian m-elongatus, 

lllaenus  madlsonianus-dcpressiis, 

Proctus  detenu  hiatus, 

Cyphaspis  din toucnsis, 

Lichas  (Plalynotus)  cUntoncnsis, 

Acidaspis  (Odontoplciira)  ortoni, 

Encrin  urus  ornatus, 

Ca  lijin  menc  voydcsi, 

Calymmcnc  mayarcnsis, 

Ceranrus  (Pscudosphacrcxochus)  dintonensis. 

Dciphon  pisum, 

Phacops  pulcliellus, 

Dalmanites  (Odontochile)  icerthncri 

Among  the  brachiopoda,  this  fauna  includes: 

Cranidla  dintoncnsis, 

Plcdambonitcs  transversal is-clcgantulus, 

Plcctambonites  prolongatus, 

Leptacna  rhom boidalis, 

Strophonella  daytonensis, 

Strophonclla  hanoverensix, 

OrtJiothctcs  daytoncnsls  (—0.  tennis,  Focrste), 

Orthis  flabdlites, 

Hebertella  fausta, 

HeberteUa  daytonensis, 

Platystrophia  rerersata, 

Plati/stropJiia  daytonensis, 

DalmaneUa  clecjantula, 
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Rhipidomella  liy~brida, 
Tripled  a  ortoni, 
.    Whitfieldello,  sp., 
Atrypa  mary'malis, 
Camarotocch la  scobina, 
Camarotocchia  con vexa, 
Parastropn la  sparsiplicata, 
StricJdandinia  triplesia na. 

Among  the  bryozoans,  the  following  are  seen: 

Homotrypa  conflucns, 
Aspidopom  parm-ula, 
Lioclanella  ohiocnsis, 
Callopora  in agnopora, 
Phylloporina  anyulata, 
Hem  it ry pa  iilr-lchi, 

Ptilodlctya  t&hitfieldi  (=Pt.  expansa,  Hall;  12th  Rep. 
Indiana  Geol.  Survey,  plate  1.2,  Pigs.  2,  3;  published 
in  1883;  also  Pt.  expansa,  Foerste,  Bulletin,  Lab.  Den- 
ison  Univ.,  Vol.  II,  plate  15,  Fig.  5,  published  in 
1888.  Not  Paenopora  expansa,  Hall  and  Whitiield, 
Ohio  Pal.,  Vol.  II,  plate  5,  Fig.  1,  published  in  1875.) 

Ptilodictya  amcrlcana  (=Pt.  expansa,  Foerste,  in  part; 

Bulletin,  Lab.  Denison  Univ.,  Vol.  II,  page  150). 
Clatliropora  frondosa, 
Clatliropora  clintonensis, 
Phaenopora  c.rpansa  (  —  Pttiodlctya  phiti/pJii/Ua,  James; 

Pt.  bipunc'tata,  Hall), 
Phaenopora  fimbriata., 
I'Jiacnopom  magna, 

Pltacnopora  ifclsln  (  —  Ph.  multifida.  Hall), 
PacJiydicta  bifurcata, 
Pa  ( -Ji  yd  let  i/a  in  stabilis, 
Pachydictija  crassa, 
Pacli ydlctya  em aciata, 
Trigonodictya  eatanensis, 
Rhinopora  frondosa. 

These  lists  are  sufficient  to  indicate  the  Silurian  character 
of  the  fauna  found  in  the  Brassfield  limestone  of  east-central 
Kentucky  and  in  the  northern  extension  of  this  limestone  in 
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Ohio  and  Indiana.     Compared  with  the  Clinton  of  New  York, 
the  absence  of  the  following  brachiopoda  is  noteworthy: 

Stropkeodonta  profunda, 
Strophonella  (?)  patenta, 
Orthothctes  subplanus, 
Pcntanicrus  oblonyus, 
Barrandclla  fornicata, 
Rhynchonella  rdbusta, 
A  try  pa  ret  icu  laris, 
Spirifcr  radiatus, 
Spirifer  niayarensis, 
Spirifcr  orispus-coraUi ncn s is, 
Hyatella  conyesta, 
Anoplotlicca  hem ispJicrica, 
Anoplotlicca  plicatula. 

Among;  these  species,  Pentanicrus  oblong  us  makes  its  first 
appearance  in  the  Dayton  limestone,  which  immediately  over- 
lies the  northern  extension  of  the  Brassfield  limestone  in  Ohio; 
Atrypa  reticiilaris,  Spirifcr  radiatus,,  and  Spirifer  niayarensis 
are  seen,  in  Indiana,  in  the  limestones  which  overlie  the  clay 
shales,  there  known  as  the  Osgood  clay.  Although  these  lime- 
stone layers  have  been  included  in  the  Osgood  formation,  on 
account  of  an  overlying,  but  much  thinner,  layer  of  clay  occur- 
ring in  some  parts  of  that  State,  they  might  with  equal  pro- 
priety be  considered  as  forming  the  base  of  the  Laurel  limestone 
section. 

The  identification  of  the  Brassfield  limestone  of  Kentucky, 
and  of  its  northern  extension  in  Ohio  and  Indiana,  in  former 
years,  with  the  Clinton  limestone  of  New  York,  rests  rather 
upon  a  somewhat  similar  fades  of  the  two  faunas,  and  upon 
the  general  absence  of  the  more  typical  species  of  the  Rochester 
shale  fauna  of  New  York  in  these  limestones  at  the  base  of  the 
Silurian  in  Ohio,  Indiana,  and  Kentucky,  than  upon  the  pres- 
ence of  any  considerable  number  of  species  common  to  both 
areas.  On  closer  inspection,  the  fauna  of  the  Brassfield  lime- 
stone of  Ohio,  Indiana,  and  Kentucky  appears  to  differ  suffi- 
ciently from  the  fauna  of  the  Clinton  limestone  of  New  York 
to  warrant  the  assumption  of  the  presence  of  some  sort  of  bar- 
rier between  these  two  areas. 
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Whitfieldella  Horizon. 

The  fossils  listed  in  the  preceding  section  occur  chiefly  in 
the  upper  part  of  the  Brassfield  section,  consisting  of  rather 
thin  layers  of  limestone  interbedded  wiih  a  little  clay.  Immedi- 
ately above  this  section,  there  is  a  thicker  and  more  sandy  ap- 
pearing layer,  usually  about,  one  foot  thick,  but  occasionally 
equalling  two  feet.  In  this  layer  large  crinoid  beads,  often  half 
an  inch  in  diameter,  are  common.  Whitfieldella  subqiiadrata 
(Plate  1,  Fig.  3)  also  occurs  in  considerable  abundance  at  some 
localities,  and  has  a  wide  geographical  distribution  at  this 
horizon  in  eastern  Kentucky.  When  these  species  are  not  in- 
termingled, the  Whitfieldella  usually  occurs  in  the  upper  part 
of  the  sandy  appearing  layer,  and  the  large  crinoid  beads  are 
found  either  in  the  lower  part  of  this  layer  or  at  the  top  of  the 
immediately  underlying  rock. 

Owing  to.  the  porous  nature  of  the  sandy  appearing  layer, 
the  specimens  of  Whitfieldella  occur  chiefly  as  casts,  the  shells 
having  been  dissolved  and  carried  away  in  solution  by  perco- 
lating waters,  leaving  the  impressions  of  the  exterior  form  of 
the  shell  upon  the  surrounding  rock,  and  often  preserving  the 
casts  of  the  interiors  of  the  shells  in  a  remarkable  manner.  The 
part  usually  noticed  is  that  near  the  hinge  line,  because  here 
the  shell  was  thickest,  and  the  removal  of  the  shell  material 
left  the  greatest  cavities,  exposing  beautifully  the  casts  of  the 
interior  of  the  shell,  especially  of  the  deep  muscular  scar  in 
the  pedicle  valve,  and  of  the  strong  transverse  ovarian  ridges 
on  each  side.  This  portion  of  the  cast  of  the  interior  of  Whit- 
fieldella siibquadrata  frequently  appears  to  have  been  identified 
as  Atrypa  reticularis,  a  fact  which  it  is  necessary  to  keep  in 
mind  in  reading  the  literature  of  this  part  of  the  Silurian  geol- 
ogy of  Kentucky.  While  such  an  identification  would  be  in- 
excusable at  the  present  day,  it  should  be  remembered  that  some 
valuable  work  Avas  done  in  former  years  by  men  who  did  not 
have  the  advantages  in  scientific  training  which  now  can  be  se- 
cured by  all.  As  a  matter  of  fact,  Atn/pa  reticularis  does  not 
occur  in  the  Whitfieldella  layer. 

Associated  with  the  large  crinoid  beads  and  the  Whit  field" 
ella  siibquadrata,  is  a  small  species  of  cyathophylloid  coral,  usn- 
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ally  less  than  an  inch  in  length,  which  has  not  been  carefully 
studied,  but  which  passes  in  these  notes  under  the  name  Cy- 
athopltylluin  calyciiliun.  A  species  of  Orthothetes  occurs  oc- 
casionally. 

The  most  northern  locality  at  which  Whitfieldella  subqtiad- 
rata  has  been  found  in  abundance  is  west  of  Slate  creek,  east 
of  Spencer,  in  Montgomery  ount}'.  The  most  northern  locality 
at  which  it  has  been  identified  with  certainty  is  along  the  rail- 
road, about  a  mile  west  of  Preston,  in  the  southern  part  of  Bath 
county.  Southward  it  may  be  recognized,  still  at  the  same  hori- 
zon, on  Fishing  creek,  directly  west  of  Somerset,  and  along 
the  Cumberland  river,  in  Pulaski  and  Wayne  counties.  Strati- 
graphically,  therefore,  the  Whitfieldella  subquadrata  layer  is 
remarkably  persistent.  This  makes  it  valuable  as  an  horizon 
marker,  especially  in  exposures  of  limited  vertical  extent.  For 
instance,  at  the  point  a  mile  north  of  Irvine,  where  the  road 
passing  Estill  Springs  crosses  White  Oak  creek,  there  is  a  small 
exposure,  only  four  or  five  feet  high,  along  the  water's  edge,  on 
the  west  side  of  the  creek.  One  of  the  layers  shows  the  sandy 
appearance  and  contains  the  large  crinoid  beads  and  the  Whit- 
fieldella. This  at  once  indicates  that  the  immediately  underly- 
ing rock  belongs  to  the  Brassfield  limestone  section,  a  fact  cor- 
roborated by  the  discovery  of  fossils  characteristic  of  that  hori- 
zon in  this  rock  at;  the  same  locality. 

The  most  interesting  feature  of  the  Whitfieldella  subquad- 
rata horizon,  however,  is  not  its  extended  distribution  or  its 
value  as  an  horizon  marker,  but  the  evidence  which  it  presents 
of  some  geographical  change  preceding  its  deposition.  The 
coarser,  sandj^,  more  porous  structure  of  the  rock  suggest  that 
its  materials  were  swept  together  by  stronger  currents  than 
those  which  brought  in  the  sediments  forming  the  underlying 
limestones.  This  evidence  is  corroborated  by  the  presence  of 
coarse  bedding,  and  occasionally  even  of  cross  bedding,  at  this 
horizon.  The  large1  crinoid  beads  have  the  appearance  of  hav- 
ing been  swept  together  by  currents  which  caused  the  disinte- 
gration of  the  less  compact  structure  of  other  remains  of  animal 
life.  The  coarse  Whitfieldella  is  one  of  the  few  fossils  at  all 
common  at  this  horizon.  Other  remains  frequently  show  con- 
siderable rounding  at  the  edges,  suggesting  that  they  were  rolled 
by  currents  of  water  before  reaching  their  final  resting  place. 
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The  absence  of  a  considerable  part  of  {.he  fauna  characteristic 
of  the  Brassfield  limestone  in  this  Whiifieldella  layer,  and  the 
sudden  introduction  of  the  WHitfieldella  subquadrata  suggests 
the  lapse  of  a  sufficient  interval  of  time  to  have  permitted  a 
shifting  of  faunas.  The  Whitfieldella  horizon  probably  her- 
alds the  introduction  of  a  new  fauna,  and  for  this  reason  it  is 
used  in  discriminating  the  overlying  beds  from  the  Brassfleld 
limestone.  At  present,  however,  comparatively  little  is  known 
of  the  faunas  of  these  immediately  overlying  limestones  or  of 
the  Oldham  bed. 


Rose  Run  Iron  Ore. 

About  a  mile  west  of  Preston,  along  the  railroad,  a  short 
distance  east  of  the  home  of  William  Jchnson,  the  Whitfteldella 
layer  is  exposed.  The  top  of  the  Silurian  formations  is  seen 
farther  east,  in  a  railroad  cut.  The  following  section  is  seen, 
in  descending  order: 

Devonian  Black  shale. 

Devonian  limestone 11  ft.     8  in. 

Alger  clay 60  ft. 

Oldham  limestone  and  clay 5  ft. 

Plum   creek   clay 7  ft.     6  in. 

Light  brown  limestone 4  in. 

Clay 8  in. 

Ferruginous   limestone,   with   large   crinoid   beads   in  . 

lower    part 1  ft. 

Limestone,    containing   large    crinoid   beads    and   one 

good    Whitfieldella   su'bquadrata 5  in. 

Clay,  top  of  Brassfield  section 7  in. 

Limestone   4  in. 

Clay  7  in. 

Ferruginous    limestone 1  ft. 

Remainder  of  Brassfield  section  not  measured. 

About  two  miles  southwest  of  Preston,  along  the  road  lead- 
ing to  Howard  Mills,  east  of  a  crossing  of  a  small  branch  empty- 
ing into  Slate  creek,  the  following  exposure  is  seen,  in  descend- 
ing order: 
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Cherty   Devonian   limestone. 

Alger   clay 60  ft. 

Oldham    limestone   and   clay,    limestones    at   the    top 

thinner  and  separated  by  more  clay 9ft.    6  in. 

Plum   creek   clay 5  ft.     6  in. 

Wave-marked  limestone 4  in. 

Clay    4  in. 

Limestone,     strongly     ferruginous,     containing     one 

Whitfieldella   subquadrata 1  ft. 

Limestone,  with  large  crinoid  beads 2  in. 

Clay  chiefly,  top  of  Brassfield  section 2ft. 

Limestone,  strongly  wave-marked,  with  large  crinoid 

beads  9  in. 

Chiefly  clay 2ft.     Sin. 

Limestone,   layers  of  irregular  thickness 1ft.    2  in. 

Limestone,  hard  layer 10  in. 

Clay  6  in. 

Massive    limestone    forming    the     remainder    of    the 

Brassfield  section 10  ft. 

About  four  miles  east  of  Owingsville,  on  the  northern  side 
of  Rose  Run,  there  are  wide  areas  in  which  a  hematitic  iron  ore 
is  quarried.  At  this  locality  the  following  exposures  are  seen, 
in  descending'  order: 

Oldham  limestone  and  clay,  lower  part  of  section 5ft. 

Plum  creek  clay .. . .     8  ft. 

Limestone,  wave-marked 4  in. 

Blue  hydrated  iron  ore 5  in. 

Red  hematitic  iron  ore 3  ft. 

Brown  limestone,  top  of  Brassfield  section Bin. 

Clay  4  in. 

Limestone  with  large  crinoid  beads 6  in. 

Remainder  of  Brassfield  section  not  measured. 

From  these  sections  it  may  be  seen  that  the  horizon  of  the 
valuable  iron  ore  deposits  of  this  part  of  Kentucky  is  below  that 
of  the  Plum  creek  clay,  and  occupies  about  the  same  level  as 
the  Whitfieldella  subquadrata  layer.  This  does  not  mean  that 
none  of  the  layers  of  limestone  immediately  underlying  or  over- 
lying the  Whitfieldella  layer  may  be  ferruginous,  but  that  the 
Whitficldclla  layer  is  the  horizon  of  the  richest  ores,  and  is 
the  only  layer  of  commercial  value. 

All  of  the  valuable  deposits  of  this  hematitic  iron  ore  occur 
in  the  immediate  vicinity  of  Owingsville,  chiefly  along  Rose 
Run.  The  horizon,  however,  may  be  traced  farther  northward. 
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At  the  mill  on  Fox  creek,  two  miles  below  Farmville,  the  fol- 
lowing section  is  exposed,  in  descending-  order : 

Clay  with  a  little  thin-bedded  limestone,  base  of  Plum 

creek  clay  section 2  ft. 

Light  brown  limestone 4  in. 

Red   ferruginous   limestone 1ft.     4  in. 

Limestone  full  of  large  crinoid  beads 1  ft. 

Blue  clay,  top  of  Brassfield  section 1  ft.     6  in. 

Limestone,  strongly  wave-marked 10  in. 

Limestone,   thin   bedded 8  in. 

Clay 1ft.     4  in. 

Limestone,  hard  layer 6  in. 

Clay 1  ft.     6  in. 

Clayey   rock 6  in. 

Remainder  of  Brassfield  section  not  exposed. 

Along  the  railroad,  one  mile  north  of  Hillsboro,  the  follow- 
ing section  is  exposed,  in  descending  order : 

Oldham  limestone  and  clay,  5  ft.  4  in.  thick,  consisting 
of  the  following  members: 

Limestone   8  in. 

Clay  4  in. 

Limestone,  slightly  ferruginous. 1  ft.     1  in. 

Clay 4  in. 

Limestone   4  in. 

Clay 1  ft.     6  in. 

Several  limestone  layers 6  in. 

Plum  creek  section,  chiefly  clay,  6  ft.  6  in.  thick,  con- 
sisting of  the  following  members: 

Clay 10  in. 

Limestone   lenses 1  in. 

Clay  3  ft. 

Limestone,   thin   layers 2  in. 

Clay  9  in. 

Limestone,  light  brown,  thin 4  in. 

Clay  4  in. 

Limestone,  brown  tinged  with  red 2  in. 

Limestone,  red  purple 2  in. 

Limestone,  strongly  ferruginous,  dark  layer 1  ft.     3  in. 

Limestone,    not    ferruginous,    somewhat    cross-bedded 

in  places  6  in. 

Clay,  top  of  Brassfield  section 1ft.     Tin. 

Limestone,  wave-marked,  often  absent  along  the 
troughs,  but  remaining  along  the  ridges  as  lenses, 
when  seen  in  cross  section,  with  large  crinoid 

beads  4  in. 
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Clay  1  ft. 

Limestone,  wave-marked,  with  large  crinoid  beads...  Gin. 

Chiefly  clay,   with  a  little   thin  limestone  at  several 

levels     4  ft.     2  in. 

Limestone,  hard 6  in. 

Clay 4  in. 

Chiefly  light  brown  or  blue  limestone 2  ft.     2  in. 

Blue  clay  and  limestone,  poorly  exposed 3  ft. 

Limestone    6  in. 

Clay 10  in. 

Solid  massive  limestone  with  chert,  base  of  Brassfield 

section    5  ft.     6  in. 

Belfast   layer 3  ft. 

A  number  of  instructive  sections  occur  in  Adams  county, 
Ohio,  in  the  neighborhood  of  West  Union,  and  between  West 
Union  and  Dunbarton.  One  of  these  sections  is  located  along 
the  ravine  of  the  first  stream  crossing  the  road  east  of  Sprow's 
bridge,  northeast  of  Duncansville,  not  far  east  of  the  pike  from 
West  Union  to  Peebles.  The  section  is  north  of  the  road,  back 
in  the  woods,  up  the  gully  toward  the  northeast.  Here  the  fol- 
lowing rocks  are  shown,  in  descending  order: 

Limestone,  massive,  possibly  the  equivalent  of  the 

Dayton  limestone 3  ft. 

Limestone  and  clay,  corresponding  approximately  to 
the  Plum  creek  horizon;  Atrypa  rcticiilaris  occurs 
1  ft.  above  the  base 7  ft. 

Purple  ferruginous  limestone  with  large  crinoid  beads.  5  in. 

Limestone  with  large  crinoid  beads 4  in. 

Clay  6  in. 

Limestone,   massive,   crinoidal Gin. 

Clay  with  a  little  thin  limestone  near  middle 10  in. 

TVMtfieldeUa  quadrangulni'is  layer 6  in. 

Chiefly  clay,  top  of  Brassfield  section 1ft.     3  in. 

Limestone,  wave-marked 4  in. 

Interval  not  recorded 19  ft. 

Limestone,  massive,  lower  part  cherty 2  ft.     8  in. 

Limestone,  white,  forming  small  fall 1  ft. 

Limestone,  very  cherty 6  ft: 

Limestone,  thin  bedded,  base  of  Brassfield  section 6ft. 

Clay  rock  with  calcite .  2  ft. 

Belfast  bed  4  ft. 

Another  section  occurs  north  of  the  Whipporwill  church, 
along  the  pike  from  West  Union  to  Peebles,  about  three  miles 
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northeast  of  West  Union.     Here  the  following  rocks  are  seen, 
in  descending  order : 

Limestone,  massive,  possibly  equivalent  to  the  Dayton 
limestone. 

From  the  top  of  this  massive  limestone  to  the  ferru- 
ginous layer  the  interval,  possible  equivalent  to  the 
Plum  creek  horizon,  is 7  ft. 

Oolitic  ferruginous  layer,  containing  Pleurotomavtia  in- 
expcctans,  ana  other  fossils. 

From  the  top  of  the  ferruginous  layer  to  the  top  of 

that  next  mentioned  the  interval  is 3  ft.  8  in. 

Limestone,  massive,  crinoidal,  with  A.try\m  irticularis 

and  other  fossils 1  ft.  6  in. 

Limestone,  wave-marked,  with  many  large  crinoid 
beads. 

From  the  top  of  the  wave-marked  layer  to  the  base  of 

the  cherty  layer  the  interval  is •. .  28  ft. 

Limestone,  thin  bedded,  forming  base  of  Brassfield  sec- 
tion, including  Hcbcrtclla  fuitata 7  ft. 

Belfast    bed. 

The  third  section  of  importance  in  this  connection  is  ex- 
posed southeast  of  West  Union,  along  the  road  to  Beasley  Fork. 
The  section  begins  at  West  Union  and  is  described  in  descend- 
ing order : 

Alger  clay 148  ft. 

Limestone,  massive,  in  6-inch  layers,  probably  equiva- 
lent to  Dayton  limestone,  exposed  near  home  of 
John  Morrison 4  ft.  6  in. 

Limestone,  poor,  thin  bedded 1  ft.     6  in. 

Clay,  with  thin  limestone  layers 1  ft.     2  in. 

Limestone,  wave-marked    3  in. 

Clay  8  in. 

Limestone   3  in. 

Clay  3  in. 

Limestone,  with  large  wave  marks 6  in. 

Limestone   6  in. 

Clay,  with  a  little  thin  limestone 1  ft.     6  in. 

Limestone  with  large  wave  marks  and  containing 

large  crinoid  beads 6  in. 

From  base  of  last  layer  to  base  of  cherty  limestone, 
including  almost  all  of  the  Brassfield  section,  the 
interval  is 26  ft. 

Limestone  2  ft. 

Limestone,  massive,  called  iron  ledge  by  natives 1ft.    2  in. 
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Belfast  bed,  near  home  of  Matilda  F.  Blake 4ft. 

Saluda  bed   24ft. 

Interval   26  ft 

Strongly  wave-marked  limestone,  near  home  of  Simon 

Nixon   6  in. 

Interval    147  ft 

Leptaena  rJiomboidaHs  horizon  in  Arnheim  bed. 

A  comparison  of  these  three  sections  with  those  in  Ken- 
tucky suggests  that  possibly  the  Oldham  limestone  section  of 
east-central  Kentucky  is  represented  in  Ohio  by  the  Dayton 
limestone.  North  of  Hillsboro,  Kentucky,  the  Plum  creek  clay 
section  appears  to  contain  more  and  more  limestone.  In  this; 
form  it  may  be  traced  into  the  central  part  of  Adams  county. 
Farther  north  this  Plum  creek  section  either  disappears  or 
becomes  a  part  of  the  Dayton  limestone  section.  The  ferru- 
ginous horizon  appears  to  occur  at  a  distinctly  higher  level  in 
Adams  county,  Ohio,  than  east  of  Owingsville,  Kentucky.  In 
Adams  county  it  is  separated  from  the  Whitfieldella  quadrangi'- 
laris  horizon  by  an  interval  of  at  least  two  feet.  Farther  north- 
ward the  Dayton  lime  usually  rests  directly  upon  the  Brassfield 
layer  or  is  separated  only  by  the  ferruginous  layer. 

In  Ohio,  there  evidently  is  an  unconformity  between  the  top 
of  the  Brassfield  limestone  section  and  the  base  of  the  Dayton 
limestone.  This  is  indicated  by  the  large  pebbles  found  in  the 
ferruginous  and  wave-marked  rock  immediately  overlying  the 
Brassfield  section  south  of  the  Elk  Run  bridge,  two  miles  east 
of  Belfast,  in  the  southeastern  part  of  Highland  county,  in 
Ohio.  Here  many  of  the  pebbles  are  four  to  eight  inches  long, 
and  some  are  even  twelve  inches  in  length.  Pebbles,  three 
inches  long,  occur  at  the  same  horizon  along  the  creek  immedi- 
ately northwest  of  Belfast.  Pebbles  occur  also  near  the  middle, 
and  at  several  points  above  the  middle  of  the  Brassfield  bed  at 
Belfast,  and  near  Sharpsville,  also  in  Highland  county.  Th^ 
interpretation  of  these  features  has  not  yet  been  carefully  worked 
out,  but  the  evidence  is  in  favor  of  the  presence  of  a  number  of 
strata  between  the  Dayton  limestone  and  the  Brassfield  lime- 
stone section,  in  southern  Ohio,  and  northern  Kentucky,  which 
do  not  appear  to  be  represented  farther  north,  in  Ohio  and 
Indiana. 

Moreover,  in  both  States,  Kentucky  and  Ohio,  the  ferru- 
ginous oolitic  rock  appears  to  be  associated  with  evidences  of 
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stronger  current  action,  such  as  a  sandy  appearing  texture, 
cross  bedding,  wave  marks,  and,  locally,  with  pebbles,  features 
which  characterize  the  shallower  seas.  This  arouses  the  in- 
qairy,  whether  the  segregation  of  the  iron  in  these  oolitic  beds 
may  not  have  taken  place  largely  at  the  time  of  their  deposi- 
tion, at  least  in  the  form  of  iron  carbonate,  although  subsequent 
chemical  action  has  undoubtedly  changed  these  carbonates  to 
hematite,  and  has  probably  continued  the  replacement  of  the 
lime  of  the  fragments  of  shells  and  bryozoans  forming  the 
centers  of  the  oolitic  grains  by  these  compounds  of  iron. 

Plum  Creek  Clay. 

The  relations  of  the  Plum  creek  clay  to  the  underlying  and 
overlying  rocks  are  well  shown  along  the  lower  part  of  Plum 
creek,  about  three  miles  southwest  of  Clay  City,  in  Powell 
county.  Here,  along  the  western  bank  of  Plum  creek,  directly 
east  of  the  home  of  George  Mclntosh,  an  excellent  exposure  of 
almost  the  entire  thickness  is  presented.  (Fig.  3.)  Farther 
down  the  creek,  the  base  of  the  clay  is  exposed.  The  total  thick- 
ness of  the  Plum  creek  clay  is  about  five  and  a  half  feet,  but 
opposite  the  home  of  George  M'dntosh  the  thickness  of  the  ex- 
posure is  five  feet  three  inches,  the  base  not  being  seen.  The 
clay  rests  upon  a  strongly  wave-marked  layer  of  limestone. 
Beneath  the  wave-marked  layer  occurs  the  layer  with  large 
crinoid  beads  and  with  Whitfiddella  subquadrata.  The  con- 
tact with  the  base  of  the  Oldliam  limestone,  at  the  top  of  the 
clay  section,  is  clearly  exposed. 

-One  of  the  best  exposures  of  the  Plum  creek  clay  occurs  about 
a  mile  and  a  half  northwest  of  Indian  Fields,  west  of  Howard 
creek,  along  the  Lexington  &  Eastern  Railroad.  Here  the  thick- 
ness of  the  Plum  creek  clay  is  five  feet.  (Fig.  2.)  The  under- 
lying layer  of  limestone  is  strongly  wave-marked,  as  along 
Plum  creek.  Beneath  the  wave-marked  layer  is  limestone  con- 
taining the  large  crinoid  beads  and  a  few  specimens  of  Whit- 
fieldclla  subquadrata.  Above  the  Plum  creek  clay,  there  is  an 
excellent  exposure  of  the  lower  part  of  the  Oldham  limestones, 
eight  feet  thick.  The  Plum  creek  clay  section  includes  a  little 
interbedded  limestone  at  the  top.  Thin  streaks  of  limestone 
occur  also  in  the  lower  part  of  the  section  at  irregular  intervals 
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Between  Brassfield  and  Panola,  along  the  Louisville  &  At- 
lantic Railroad,  the  Plum  creek  section  is  underlaid  by  massive 
limestone,  two  and  a  half  feet  thick,  containing-  Whitfieldella 
siibquadrata  in  the  lower  part.  Below  the  Whitfieldella  layer, 
there  is  a  layer  of  limestone  with  large  crinoid  beads  at  the 
top.  The  base  of  the  Plum  creek  section  consists  of  thin  lime- 
stone and  clay  interbedded,  having  a  total  thickness  of  one 
loot  ten  inches.  This  is  overlaid  by  the  main  clay  section,  three 
feet  three  inches  thick,  and  the  latter  is  followed  by  limestone 
interbedded  with  clay,  three  feet  four  inches  thick.  The  upper 
part  of  this  section  forms  a  transition  to  the  thicker  bedded 
Oldham  limestones  above. 

East  of  College  Hill,  nine  rnHes  north  of  Panola,  the  Plum 
creek  section,  four  feet  three  inches  thick,  consists  chiefly  of 
clay,  but  the  lower  part,  ten  inches  thick,  contains  thin  layers 
of  limestone. 

Half  a  mile  south  of  \Yhites  Station  and  four  miles  north  of 
Berc-a,  the  Plum  creek  section  is  about  five  feet  thick,  and  con- 
sists of  clay  interbedded  with  several  layers  of  thin  limestone. 

About  three  miles  north  of  Crab  Orchard,  on  the  Fall  Lick 
road,  just  before  reaching  Harmon  Lick  creek,  the  Plum  creek 
section  is  about  five  feet  thick.  It  consists  chiefly  of  clay,  but 
contains  also  interbedded  layers  of  thin  limestone. 

About  five  miles  west  of  Crab  Orchard,  on  the  county  road 
near  the  home  of  James  Thomas  Bailey,  the  layer  -of  limestone 
containing  the  large  crinoid  beads  is  overlaid  by  a  layer  of  solid 
limestone,  a  foot  and  a  half  thick,  corresponding  to  the  Wf'At- 
ficUlclla  Stybquadrato.  layer.  This  is  overlaid  by  clay,  one  foot 
(hick;  followed  by  limestone,  four  inches  thick;  and  clay,  one 
foot  thick,  all  belonging  to  the  Plum  creek  section.  The  upper 
part  of  the  Plum  creek  layer  at  this  locality  probably  was  erod- 
ed before  the  deposition  of  the  Devonian  limestone. 

No  careful  study  has  been  made  of  the  Plum  creek  clay  south- 
west of  the  section  between  Brassfield  and  Panola.  In  the  area 
between  Clay  City,  Indian  Fields,  and  the  Red  river,  the  Plum 
creek  section  consists  chiefly  of  clay,  often  with  but  a  very 
small  amount  of  thin,  interbedded  limestone.  Here  the  clay 
section,  although  only  five  feet  thick,  is  sufficiently  distinct  from 
the  fairly  solid  Oldham  and  Brassfield  limestones,  above  and 
below,  to  attract  attention.  Farther  southwest,  especially  be- 
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yond  Brassfield,  the  quantity  of  interbedded  limestone  appears 
to  increase,  so  that,  although  the  clay  preponderates,  there  is 
enough  thin  limestone  to  make  the  Plum  creek  horizon  far 
less  conspicuous.  Still  farther  west,  beyond  Crab  Orchard, 
the  proportion  of  limestone  in  the  Plum  creek  section  is  at 
least  equally  great,  if  ^ not  greater. 

To  an  investigator  entering  the  field  from  the  southwest, 
the  Plum  creek  horizon  does  not  form  a  readily  distinguishable 
feature  until  the  southern  part  of  Madison  county  is  reached. 
Even  in  Madison  county,  southwest  of  Panola  and  Brassfield, 
tfte  idea  of  separating  the  Plum  creek  clay  from  the  Oldiiam 
limestone  does  not  suggest  itself.  Farther  north,  between  In- 
dian Fields  and  Clay  City,  however,  this  clay  forms  a  readiJy 
recognizable  horizon. 

There  is  no  question  of  the  increase  of  the  amount  of  lime- 
stone in  the  Plum  creek  section  on  going  from  Indian  Fields 
south  westward  toward  Stanford.  Near  Indian  Fields,  the  thick- 
ness of  the  Plum  creek  bed  is  five  feet.  Suuthwestward,  the  thick- 
ness varies  considerably,  and,  in  general,  appears  to  become 
somewhat  thinner.  Locally,  however,  sections  five  feet  thick 
appear  to  occur  even  as  far  west  as  Crab  Orchard,  but  this  re- 
quires further  observation. 

Further  investigations  are  necessary  also  in  the  territory 
between  Hillsboro,  in  Fleming  county,  Kentucky,  and  West 
Union,  in  Ohio.  The  stratigraphy  of  this  territory  has  by  no 
means  been  worked  out  with  the  exactness  which  is  desirable. 

There  is  no  prospect  of  the  Plum  creek  clay  having  any 
commercial  value.  Even  if  it  had  any  special  value,  it  would 
not  pay  to  work  it,  since  the  clay  is  overlaid  by  the  Oldham 
limestone  which  must  be  removed  in  order  to  get  at  the  clay. 
The  Alger  clay,  overlying  the  Oldham  limestone,  agrees  so 
closely,  chemically,  with  the  Plum  creek  clay  where  the  latter 
is  most  free  from  limestone,  that  it  is  certain  that  the  Alger 
clay  will  be  exploited  in  preference  to  the  Plum  creek  clay. 
The  chief  interest  in  the  Plum  creek  clay  is  its  stratigraphical 
position.  In  a  study  of  the  clay  resources  of  the  State  it  be- 
comes necessary  not  only  to  determine  where  the  large  clay 
layers  are,  but  also  to  determine  the  location  and  thickness  of 
the  subsidiary  layers.  Much  money  is  wasted  at  times  in  oper- 
ation where  it  is  hoped  that  clays,  limestones,  or  other  layers 


Fig.  3.    Plum  Creek  Clay  Shale  overlaid  by  Oldham  Limestone.    West  side  of  Plum  Creek 
directly  east  of  house  of  George  Mclntosh.     South  end  of  type  section. 
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of  interest  will  thicken  as  they  are  followed  beneath  the  ground. 
It  is  une  of  the  objects  of  the  Survey  to  warn  against  such  false 
hopes. 

Oldham  Limestone. 

The  best  exposure  of  the  Oldham  limestone  section,  in  the 
entire  territory  under  investigation,  unquestionably  is  along 
the  almost  continuous  line  of  cuts  along  the  railroad  between 
Panola  and  Brassneld.  Here  the  railroad  follows  the  northern 
slope  of  the  valley  cut  by  Oldham  branch.  A  layer  with  large 
criuoid  beads  occurs  at  the  top  of  the  Brassliekl  bed,  and  is 
overlaid  by  a  layer  of  limestone,  two  and  a  half  feet  thick,  ferru- 
ginous and  oolitic  at  the  top,  containing  Whitfieldella  subquad- 
rata.  Overlying  the  Whitfieldella  layer,  the  following  rocks 
occur  in  ascending  order :  thin  argillaceous  limestone  layers  in- 
terbedded  with  clay,  one  foot  ten  inches  thick;  clay,  three  feet 
three  inches  thick,  unquestionably  belonging  to  the  Plum  creek 
horizon ;  thin  limestone  inter  bedded  with  clay,  three  feet  four 
inches  thick,  forming  the  base  of  the  Oldham  limestone  section ; 
and,  finally,  limestone  with  much  less  clay,  eleven  feet  thick, 
forming  the  most  characteristic  part  of  the  Oldham  limestone 
section. 

In  the  territory  between  Brassfield  and  Indian  Fields,  a 
large  brachiopod  shell,  Stricklandinia  noncoodi,  is  very  abun- 
dant at  the  top  of  the  Oldham  limestone  section.  It  is  very 
probable  that  this  shell  eventually  will  be  traced  beyond  the 
limits  of  the  territory  designated,  and  thus  will  assist  in  in- 
creasing the  area  within  which  the  Oldham  limestone  may  be 
identified  with  certainty.  Indeed,  half  a  mile  south  of  Whites 
Station,  at  the  railroad  cut  four  miles  north  of  Berea,  poor 
remains  have  been  discovered  already  at  this  horizon,  and  it 
is  hoped  that  further  search  may  extend  still  farther  its  known 
area  of  distribution.  It  is  the  most  characteristic  fossil  of  the 
Oldham  section.  The  presence  of  fltrieklandinia  norwoodi,  in 
any  limestone  section  in  this  part  of  Kentucky,  is  a  safe  indi- 
cation of  the  top  of  the  Oldham  limestone,  in  the  same  manner 
as  the  presence  of  Whitfieldella  subquadrata,  in  this  same  area, 
is  an  indication  of  the  presence  of  the  top  of  the  Brassfield  lime- 
stone immediatelv  beneath. 
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The  most  northern  exposure,  at  which  the  Oltlham  limestone 
is  known  to  contain  StrtcklandiwM  noricoodi,  is  along-  the  rail- 
road northwest  of  Indian  Fields,  west  of  Howard  creek.  Ilere 
the  first  cut  west  of  the  creek  presents  a  good  exposure  of  the 
upper  part  of  the  Oldham  section.  8trickla»din<ia  nonroodi 
occurs  at  the  top,  and  slightly  ferruginous  layers  are  found 
within  two  feet  of  the  top  of  the  section.  At  the  larger  cut> 
farther  west,  the  lower  part  of  the  section,  almost  eight  feet 
thick,  is  well  exposed,  resting  upon  the  Plum  creek  clay. 

8tricklandin<ia  iioncoodi  is  rather  abundant  at  the  exposure 
southeast  of  the  home  of  J.  T.  Elkins,  about  five  miles  west  of 
south  of  Indian  Fields,  along  the  road  to  Vienna,  a  collection 
of  houses  on  the  Red  river.  Here  the  Stricklandinia  is  found 
at  the  top  of  the  Oldham  section,  nineteen  and  a  half  feet  above 
the  layer  containing  the  large  crinoid  beads,  which  forms  the 
top  of  the  Brassfield  bed.  If  the  thickness  of  the  Plum  creek 
layer,  estimated  at  five  feet  and  a  half,  be  subtracted  from  this 
amount,  a  thickness  of  fourteen  feet  would  be  left  for  the  Old- 
ham  limestone.  The  exposure,  however,  is  not  clear  enough  to 
determine  the  amount  of  dip,  if  any,  so  that  the  estimate  of  four- 
teen feet  is  to  be  regarded  merely  as  approximate. 

Several  excellent  exposures  of  the  top  of  the  Oldham  lime- 
stone, with  its  Stricklandinia  noncoodi,  occur  on  the  eastern 
side  of  Long  branch,  about  two  and  a  half  miles  south  of  In- 
dian Fields,  on  the  Morgan  Eubanks  farm. 

iStricldandima  noricoodi  occurs  at  the  top  of  the  Oldham 
limestone  also  three  miles  southwest  of  Clay  City,  along  the 
road  crossing  Plum  creek.  The  entire  thickness  of  the  Oldham 
section  appears  to  be  about  eleven  feet.  A  ferruginous  layer 
occurs  about  six  feet  below  the  top.  Stricklitndinid  occurs  at 
the  top  of  the  Oldham  limestone  also  north  of  Irvine.  Hero 
the  thickness  of  the  Oldham  limestone  section  is  estimated  at 
twelve  feet.  An  exposure  of  the  Oldham  limestone  occurs  just 
east  of  the  railroad  station  at  Panola,  between  the  road  and 
the  creek.  Here  the  thickness  of  the  measured  section  appears 
to  be  fifteen  feet,  possibly  too  large  an  estimate,  but  it  is  not 
known  just  what  allowance  must  be  made  for  the  dip.  Rtrick- 
landinia  has  been  found  also  four  miles  north  of  College  Hill, 
on  the  abandoned  part  of  the  road  to  Bloomingdale,  about  a 
mile  south  of  the  Kentucky  river,  on  the  southern  side  of  a 
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Fig.  4.    Oldham  Limestone,  east  of  Brassfield,  along  the  Louisville  and  Atlantic  R.  R. 
View  of  farther  end  of  cut  shown  in  Fig.  5. 
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Fig.  5.    Oldham  Limestone,  east  of  Brassfield,  along  the  Louisville  and  Atlantic  R.  R. 
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deep  valley.  In  fact,  between  Brassfield,  Indian  Fields,  Clay 
€ity,  and  Irvine,  it  occurs  wherever  the  proper  horizon  is  ex- 
posed. 

Four  miles  north  of  B'erea,  in  the  railroad  cut  south  of 
Whites,  the  limestone  containing  large  crinoid  beads  and  Whit- 
ficldella  sulquadrata  is  overlaid  by  the  equivalent  of  the  Plum 
creek  clay,  five  feet  thick.  It  consists  here  of  clay  interbedded 
with  clay  rock.  The  Oldham  limestone  section  is  represented 
by  limestone  interbedded  with  clay,  eight  feet  three  inches  thick. 
Btricklandinia  noncoodi  occurs  at  the  top  of  this  section.  The 
overlying  limestone  one  foot  three  inches  thick  may  belong  to 
the  Devonian.  The  layer  with  fish  remains  occurs  immediately 
above,  and  unquestionably  is  of  Devonian  age.  Although  this 
layer  with  fish  remains  usually  forms  the  base  of  the  Devonian 
section,  it  is  underlaid  by  one  or  two  feet  of  "Devonian  lime- 
stone at  Elliston,  near  Kiddville,  and  at  several  other  localities. 

The  identification  of  the  Oldham  limestone  southwest  of 
Berea  is  attended  with  difficulties  owing  to  the  absence  of  the 
8tricJdandinia  and  to  the  gradual  change  of  the  lithological 
conditions.  Eventually,  as  the  result  of  careful  stratigraphical 
work,  the  exact  equivalency  of  all  the  more  southwestern  strata 
no  doubt  will  be  determined.  At  present,  it  is  possible  only  to 
indicate  what  conclusions  are  favored  by  the  evidence  at  hand. 

A  mile  southeast  of  Hammack,  the  thickness  of  the  Plum 
creek  section  is  estimated  at  four  feet  four  inches,  and  that  of 
the  Oldham  limestone  at  approximately  twelve  feet.  Half  a 
mile  north  of  Hammack,  the  thickness  of  the  Plum  creek  sec- 
tion is  estimated  at  five  feet,  and  that  of  the  Oldham  limestone 
at  ten  feet  three  inches.  Three  miles  north  of  Crab  Orchard, 
on  the  road  to  Hammack  and  Richmond,  the  layer  with  large 
crinoid  beads  is  overlaid  by  solid  limestone,  a  foot  and  a  half 
thick.  Over  this  is  found  considerable  clay,  five  feet  thick,  in- 
terbedded with  limestone,  forming  the  Plum  creek  section.  This 
is  followed  by  limestone  interbedded  with  clay,  eleven  feet  eight 
inches  thick,  belonging  to  the  Oldham  limestone  horizon.  About 
three  miles  west  of  Crab  Orchard  station,  along  the  county  road, 
near  the  home  of  Abel  Bryant,  the  layer  with  large  crinoid  beads 
is  overlaid  by  a  section  poorly  exposed,  five  feet  thick,  assumed 
to  belong  to  the  Plum  creek  section.  Above  this  occurs  lime- 
stone interbedded  with  clay,  twelve1  feet  thick,  regarded  as  be- 
longing to  the  Oldham  limestone  horizon. 
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If  these  sections  west  and  southwest  of  Berea  have  been  in- 
terpreted correctly,  there  is  no  very  evident  thinning  of  the 
Oldham  limestone  between  Indian  Fields  and  Crab  Orchard,  al- 
though local  variations  in  thickness  are  apparent. 

The  Oldham  limestone  may  be  readily  identified  by  strati- 
graphic  means  as  far  as  Owingsville.  At  the  Rose  Run  iron 
ore  quarries,  the  Oldham  limestone  forms  the  top  of  the  ex- 
posures, and  is  separated  by  a  very  characteristic  bed  of  Plum 
creek  clay  from  the  ferruginous,  oolitic  layer  overlying  the 
top  of  the  Brassfield  limestone.  Farther  north,  however,  con- 
siderable thin  limestone  occurs  in  some  sections  of  the  Plum 
creek  clay,  and  the  difficulty  of  discriminating  between  the 
Plum  creek  clay  section  and  the  Oldham  limestone  is  consider- 
ably increased.  In  general,  the  Plum  creek  clay  is  to  be  regarded 
as  a  comparatively  local  formation,  best  developed  between 
Owingsville,  Clay  City,  Irvine,  Brassfield,  and  Indian  Fields. 
Where  this  clay  can  not  be  readily  identified  the  Oldham  lime- 
stone can  not  be  readily  discriminated.  In  such  territories,  the 
general  designation,  Indian  Fields  formation,  may  be  used  to 
include  both  the  Plum  creek  clay  and  the  Oldham  limestone. 

It  has  already  been  stated  that  farther  northward,  in  Ohio, 
the  Oldham  limestone  appears  to  find  its  equivalent  in  the 
Dayton  limestone.  In  east  central  Kentucky  the  fossils  of  the 
Oldham  horizon  are  neither  numerous  nor  well  preserved,  but 
enough  have  been  seen  to  indicate  a  fauna  distinctly  different 
from  that  in  the  Waco  limestone  layers. 

Lulbegrud  Clay. 

The  Lulbegrud  clay  directly  overlies  the  Oldham  limestone. 
In  the  territory  between  Irvine,  Clay  City,  Indian  Fields,  and 
Brassfield,  the  thickness  of  the  Lulbegrud  clay  is  about  thirteen 
feet.  It  is  well  exposed  at  various  points  along  the  tributaries 
of  Lulbegrud  creek,  in  Clark  and  Powell  counties.  About  a 
mile  southwest  of  Indian  Fields,  south  of  the  railroad,  there  is 
a  road  leading  from  the  creek  road  to  Clay  City  northward 
across  the  railroad  toward  Clay  City.  Here  the  top  of  the  Old- 
ham  limestone  is  well  exposed  a  short  distance  above  the  level 
of  Lulbegrud  creek.  Above  this  Oldham  limestone,  along  the 
road,  the  full  thickness  of  the  Lulbegrud  clay  is  exposed.  The 
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Fig.  6.  Top  of  Lulbegrud  clay.  Road  side  gully,  one  mile  south-east 
of  Indian  Fields,  north  of  Lulbegrud  creek,  along  the  road  passing  north- 
ward across  the  railroad  track  toward  Kiddville. 
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clay  is  covered  by  a  very  persistent  layer  of  limestone,  above 
which  the  very  thin  layers  of  limestone  characteristic  of  the 
Waco  horizon  are  seen.  (Fig.  6.)  The  home  of  Brownlow 
Bruuer  is  scarcely  a  quarter  o.f  a  mile  directly  west  of  this  line 
of  exposures*,  and  this  locality  therefore  has  been  called  the 
B'rownlow  Bruuer  locality. 

The  Lulbegrud  clay  is  exposed  also  at  Abbott's  mill,  five 
miles  south  of  Indian  Fields;,  near  the  home  of  J.  T.  Elkins, 
along  the  road  to  Vienna;  at  several  localities  near  Vienna, 
on  the  IJed  river;  a  mile  east  of  College  Hill,  along  the  road 
leading  to  the  dam;  immediately  south  of  Waco,  along  the  road 
leading  up  hill;  east  of  Panola,  between  the  road  and  the  rail- 
road ;  within  three  hundred  yards  of  the  station ;  and  southeast 
of  Brassfield,  along  the  railroad. 

One  of  the  best  exposures;  of  the.  Lulbegrud  clay  is.  seen 
north  of  Irvine,  along  the  road  passing  Estill  Springs,  before 
reaching  White  Oak  creek,  and,  again,  up  the  hill,  northeast 
of  the  point  where  the  road  leaves  the  creek.  Here  the  thick- 
ness of  the  Lulbegrud  clay  varies  between  thirteen  feet  and 
fourteen  feet  and  a  half.  On  weathering,  it  softens  into  a  blu- 
ish-white clay.  The  percolating  waters  often  are  impregnated 
with  Epsom  salts,  and  springs  issuing  from  these  clays  belong 
to  the  class  known  as  Licks.  Gypsum  is  deposited  from  these 
waters.  Good  crystals  are  abundant  at  some  localities. 

Between  Brassfleld  and  Berea  the  sections  become  thinner. 
Three  miles  slightly  north  of  east  of  Bobtown  a  thickness  of  ten 
feet  is  exposed,  but  the  base  is  not  seen.  A  mile  and  a  half 
south  of  east  from  Bobtown,  the  thickness  of  the  Lulbegrud  clay 
is  twelve  feet.  Two  and  a  half  miles  southeast  of  Bobtown,  the 
interval  between  the  top  of  the  Brasisfield  bed  and  the  solid 
limestone  regarded  as  marking  the  base  of  the  Waco  horizon 
is  sufficient  to  suggest  at  least  ten  feet  of  Lulbegrud  clay  as 
forming  a  part  of  this  interval.  About  two  miles  northeast  of 
Berea,  the  thickness  of  the  Lulbegrud  clay  appears  to  be  nearly 
thirteen  feet;  three  miles  north  of  Berea,  along  the  railroad, 
the  thickness  is  estimated  at  eleven  feet.  Three  miles'  south- 
Avest  of  B'emi,  the  total  Silurian  section  beneath  the  solid  lime- 
stone layer,  regarded  as  marking  the  base  of  the  Waco  horizon, 
is  sufficient  to  warrant  an  estimate  of  ten  to  thirteen  feet  for 
the  Lulbegrud  clay  division  of  this  section. 
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The  solid  layer  of  limestone,  varying  between  nine  and  twen- 
ty-four inches  in  thickness,  which  overlies  the  Lulbegrud  clay 
section,  has  not  been  traced  with  certainty  beyond  Berea.  Until 
a  more  detailed  examination  of  the  territory  between  Brass- 
field  and  Crab  Orchard  has  been  made,  it  is  useless  to  hazard 
any  opinion  as  to  whether  the  solid  layer  of  limestone  found  in 
more  southwestern  sections  is  of  the  same  age  or  not.  This  layer 
of  limestone  also  varies  between  nine  and  twenty-four  inches 
in  thickness,  occurs  at  some  distance  above  the  base  of  a  more 
continuous  clay  section,  and  has  a  rather  wide  geographical 
distribution,  near  Crab  Orchard,  and  as  far  eastward  as  Berea. 
If  this  limestone  layer  at  Berea  and  westward  could  be  proved 
to  be  of  the  same  age  as  the  limestone  overlying  the  Lulbegrud 
clay  north  of  Irvine,  Panola,  and  Brassfield,  this  fact  would  be 
of  interest,  since  in  that  event  a  distinct  thinning  of  the 
Lulbegrud  clay  toward  the  crest  of  the  Cincinnati  geanticline 
could  be  shown.  Near  Crab  Orchard,  the  thickness  of  the  clay 
between  the  solid  limestone  layer  can  not  exceed  six  feet,,  and 
this  is  the  thickness  also  at  Hammack. 

Waco  Limestone  Horizon. 

Immediately  above  the  Lulbegrud  clay,  about  thirteen  feet 
above  the  base  of  the  great  clay  section  here  known  as  the  Alger 
formation,  there  occurs  a  layer  of  solid  limestone,  varying  from 
less  than  one  foot  to  fully  two  feet  in  thickness.  This  is  fol- 
lowed by  numerous  layers  of  fossil iferuus*  thin  limestones  inter- 
bedded  with  a  considerable  quantity  of  clay.  Although  the 
clay  predominates,  this  part  of  the  section  has  been  called  the 
Waco  limestone  horizon,  since  the  presence  of  the  limestone  is 
its  characteristic  feature.  The  layer  of  limestone  at  the  base 
of  the  Waco  section  has  been  traced  over  the  entire  area  in- 
cluded between  Brassfield,  Irvine,  Clay  City,  and  Indian  Fields, 
a  territory  twenty-five  miles  long  and  twelve  miles  broad.  No 
limestone,  with  which  this  limestone  at  the  base  of  the  Waco 
section  could  be  confused,  is  known  at  any  other  elevation  in 
the  Alger  formation.  Hence  it  has  been  found  a  valuable  hori- 
zon marker  in  the  area  designated.  Possibly  it  may  prove  to 
extend  both  farther  north  and  farther  south.  In  that  case  it 
may  serve  to  indicate  the  base  of  the  Waco  horizon  even  where 
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the  fossiliferous  beds  characteristic  of  this  horizon  are  un- 
known. An  attempt  has  been  made  to  identify  with  this  solid 
limestone  at  the  base  of  the  Waco  section,  the  various  exposures 
of  limestone  having  about  the  same  thickness  occurring  in  the 
Alger  clay  section  between  Brassfield  and  Berea,  but  the  in- 
terval between  the  top  of  the  Oldham  limestone  and  the  heavy 
layer  of  limestone  thus  identified  differs  so  much  at  various 
localities,  that  only  detailed  stratigraphical  work  can  estab- 
lish their  identity,  in  the  absence  of  the  fossiliferous  part  of 
the  Waco  section.  West  of  Berea,  at  Hammack,  and  at  Crab 
Orchard,  the  solid  layer  of  limestone  occurs  only  six  or  seven 
feet  above  the  base  of  the  more  continuous  clay  section.  If  this 
limestone  represents  the  limestone  at  the  base  of  the  Lulbegrud 
clay,  there  is  no  question  of  the  thinning  of  the  Estill  clay 
toward  the  west  of  Panola  and  Brassfield.  Further  investiga- 
tions, however,  are  necessary  to  determine  this  question. 

The  fossiliferous  layers,  here  called  the  Waco  bed,  are  found 
at  every  locality  between  Indian  Fields,  Clay  City,  Irvine,  and 
Brassfield  so  far  investigated,  where  this  horizon  is  exposed. 
The  name  has  been  taken  from,  Waco,  a  small  village  east  of 
Moberly  station,  in  Madison  county.  The  exposure  occurs  about 
half  a  mile  east  of  AVaco,  along  the  road  turning  off  from  the 
Portland  or  B}i)eetown  pike  toward  Cobb  ferry.  Here  the  layer 
of  solid  limestone  is  overlaid  by  the  fossiliferous  Waco  section, 
about  ten  feet  thick,  consisting  of  clay  with  interbedded  layers 
of  very  thin  limestone.  The  Waco  horizon  is  overlaid  by  clay, 
three  or  four  feet  thick,  followed  by  Devonian  limestone. 

The  most  instructive  sections  occur  north  of  Irvine  (Fig. 
7),  along  the  road  passing  Estill  Springs,  just  before  reaching 
White  Oak  creek.  The  layer  of  solid  limestone  here  has  a  thick- 
ness of  two  feet.  Immediately  above,  there,  is  a  section,  ten 
feet  thick,  consisting  chiefly  of  clay,  but  containing  so  many 
layers  of  thin  limestone  that  the  rubble  from  these  layers  forms 
the  most  conspicuous  part  of  the  exposure.  Fossils  occur  both 
in  the  layers  of  limestone  and  in  the  clay.  Corals  predominate. 
Bryozoans  are  numerous.  Other  fossils  are  comparatively 
scarce. 

Another  exposure  occurs  farther  north,  along  the  road  turn- 
ing off  from  the  pike  as  it  reaches  White  Oak  creek.  This  road 
passes  the  home  of  James  F.  Harris.  Here  the  section  con- 
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tains  few  fossils.  Following  the  road  along  White  Oak  creek,  to 
a  point  less  than  a  quarter  of  a  mile  northeast  of  the  home  of 
Mr.  Harris,  another  road  leads  toward  the  east,  up  the  hill. 
Here  the  tep  of  the  Oldham  limestone,  containing  Stricklandinia 
norwoodi,  is  overlaid  by  Lulbegrud  clay,  fourteen  feet  six  inches 
thick;  followed  by  the  solid  limestone  layer,  two  feet  thick;  the 
fossiliferdus  Waco  section,  ten  feet  thick;  clay  with  fragments 
of  thin,  argillaceous,  and  comparatively  hard,  shale,  seven  feet 
six  inches  thick;  and  soft  clay,  fifty-six  feet  thick.  The  same 
fossils  occur  as  at  the  locality  nearer  Irvine.  The  lower  part 
of  the  fossiliferous  Waco  section  contains  comparatively  little 
limestone.  In  the  upper  part  of  the  Waco  section,  limestone 
is  more  abundant. 

The  exact  reverse  of  this  is  found  at  the  Brownlow  Bruner 
locality,  a  mile  southeast  of  Indian  Fields.  Here  a  connecting 
road  leaves  the  creek  road  to  Clay  City,  and  passes  north  toward 
Kiddville.  Within  a  short  distance  of  the  creek,  the  top  of  the 
Oldham  limestone  is  exposed.  This  is  overlaid  by  Lulbegrud 
clay,  thirteen  feet  thick;  the  solid  limestone  layer,  nine  inches 
thick;  the  fossiliferous  Waco  limestone  layers  interbedded  in  a 
clay  section,  eight  feet  three  inches  thick ;  and  soft  clay,  twelve 
feet  thick.  Most  of  the  fossiliferous  layers  of  thin  limestone 
are  found  in  the  lower  half  of  the  Waco  section,  and  in  the 
upper  part  of  the  Waco  section  the  limestone  layers  are  very 
thin  and  far  apart. 

Between  Virden  and  Clay  City,  the  upper  part  of  the  Waco 
bed,  containing  characteristic  fossils,  occurs  at  numerous  locali- 
ties along  the  railroad,  a  short  distance  below  the  Devonian  lime- 
stone, or  almost  in  contact  with  the  latter. 

About  two  miles  southwest  of  Clay  City,  on  the  northern 
side  of  Tipton  ferry,  the  solid  limestone  layer,  one  foot  four 
inches  thick,  is  overlaid  by  the  fossiliferous  Waco  bed.  This 
part  of  the  section  is  exposed  also  along  the  road  crossing  Plum 
creek,  about  a  mile  southwest  of  Tipton  ferry. 

At  the  great  clay  pit,  half  a  mile  northwest  of  Indian  Fields, 
the  top  of  the  Waco  horizon  is  exposed.  A  quarter  of  a  mile 
south  of  Indian  Fields,  along  the  pike,  the  top  of  the  Oldham 
limestone,  containing  tStricklandinia  norwoodi,  occurs  in  the 
bed  of  the  creek  beneath  the  first  culvert.  This  is  overlaid  by 
Lulbegrud  clay,  thirteen  feet  thick;  the  solid  limestone  layer, 
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nine  inches  thick;  and  clay,  twenty  feet  thick,  of  which  the 
lower  half  is  fossil  if  erous  and  belongs  to  the  Waco  horizon. 
The  exposure  of  the  Waco  bed  is  poor,  but  careful  search  showed 
the  presence  of  a  considerable  number  of  characteristic  fossiLs 
along  the  various  branches  of  the  creek  in  the  fields  toward 
the  west. 

The  fossiliferous  Waco  bed  is  exposed  also  half  a  mile  east 
of  College  Hill,  along  the  road ;  and  four  miles  north  of  College 
Hill,  along  the  abandoned  part  of  the  road  to  Bloomingdale.  At 
these  localities  the  layer  of  solid  limestone  is  only  six  to  eight 
inches  thick.  On  the  Bloomingdale  road  this  limestone  is  over- 
laid by  clay,  five  feet  six  inches  thick,  in  which  no  fossils  were 
noticed.  Overlying  this,  however,  was  a  section,  also  five  feet 
six  inches  thick,  in  which  numerous  characteristic  fossils  oc- 
curred. Here  the  clay  contained  thin  layers  of  limestone  chiefly 
in  the  upper  part  of  the  Waco  section. 

From  these  statements  it  may  be  seen  that  the  fossiliferous 
Waco  section  has  a  comparatively  wide  distribution.  No  at- 
tempt has  been  made  as  yet  to  trace  it  farther  northward  or 
southward  than  the  localities  here  listed,  but  the  presence  of 
some  species  of  Arachnophyllum  in  the  Alger  formation  of 
Bath  county,  identified  by  Linney  as  8trombodes  pentagonus, 
suggests1  the  presence  of  the  Waco  bed  as  far  north  at  least  as 
Bath  county. 

It  is  hoped  that  further  investigations  may  result  in  trac- 
ing the  Waco  horizon  farther  south  and  southwest  than  Brass- 
field.  A  few  traces  of  fossils  were  found  several  miles  west  of 
Crab  Orchard,  at  the  proper  horizon.  It  is  very  evident,  how- 
ever, even  from  the  few  observations  made  so  far,  that  the  Waco 
horizon  is  not  very  fossiliferous  north  of  Indian  Fields,  or  south 
of  Brassfield,  so  that,  even  if  the  Waco  horizon  may  be  traced 
further,  its  typical  development  will  remain  within  the  bor- 
ders indicated. 

FAUNA  OF  THE  WACO  LIMESTONE  HORIZON. 

The  following  fossils  have  been  found  in  the  Waco  lime- 
stones of  east-central  Kentucky : 

Isochilina  panolensis,  not  rare, 
Caljjm m en e  n  fagaren&is, 
Encrlnurus  omatus,  common, 
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Illaenus  cf.  impcrator, 

Diaphorostoma  niagarense,  small,  common, 

Cycloncma  cf.  cancellation,  not  rare, 

Atrypa  rcticularis,  small,  abundant, 

Parastropliia  sp., 

Bracliyprion  cf.  profunda, 

Strophonclla  cf.  tcnuistriata, 

Dalmanclla  clcgantula,  common, 

Platystrophia  reversata,  common, 

Hebertclla  sp., 

Orthis  flabcllitcs,  Osgood  variety,  common, 

Pholidops  oralis,  common, 

Stomatopora  dissimilis, 

Mcckopora  bassleri,  very  common, 

Crepipora  f  squamata,  common, 

Favositcs  gothlandica,  common, 

Favositcs  hisingcri-aplata,,  common, 

Favositcs  dcclinata,  common, 

Syringolites  liuronensis,  not  rare, 

Halysitcs  catcnulaftus, 

Hcliolitcs  spongiosa, 

Heliolitex  subtnliulata,  varieties  clisPans  and  micella, 

Ly cilia  cminula, 

Zaplirentis  intertexta,  and  varieties  in-inensis  and  jn- 

venis, 

Zaphrcntis  cliaraxata,  not  rare, 
Lindstrocmia  Ungtilifera,  not  rare, 
Polyoroplie  radicnla,  not  rare, 
Cyatlwpliyllum  densiseptatktm,  common, 
Cyatlwpliyllum  sedentarium,  rare, 
Clionopliyllum  solitarinm, 
'Arach n opJiyllum  granu losu m , 
Arachnophyllum,,  mamillare-distans, 
CysHpliyllum  spimilosum,  common, 
Calostylis  spongiosa,  very  common. 

The  Waco  fauna  characterizes  an  horizon  between  thirteen 
and  twenty-five  feet  above  the  base  of  the  Alger  clay,  and  the 
Alger  clay  forms  the  Niagara  shale  horizon  of  the  Ohio  Geologi- 
cal Survey.  It  has  been  customary  to  correlate  the  Niagara 
shale  of  Ohio  with  the  Rochester  shale  of  New  York.  In  that 
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case  it  should  carry  an  approximately  similar  fauna.  A  com- 
parison of  the  Waco  fauna  of  Kentucky  with  the  Rochester 
fauna  of  New  York  does  not  show  as  close  an  agreement 
as  is  desirable.  The  following  species  of  the  Rochester  shale, 
for  instance,  are  absent  from  the  Waco  horizon,  as  far  as  known 
at  present : 

Dal  man  itcs  limulwus, 

Hontalonotiis  dclpli inocephdlus, 

Lichas  bolton-i, 
*}\'hitfieldcUa  nitida, 
*Whitfieldella  nitida-oblata, 
*Spirifcr  (Deltliyris)  sulcatus, 
*8pirifcr  crispus, 
**Spirifcr  n iayarcnsis, 
**8pirifcr  radiatus, 
*Rhyncho$rema  cuncata-americana, 
**0i'thothctcs  sitbplan-us, 

Iclithyocrinns  laccis, 
*Eucalyptocrlnus  decoms, 

Stcphanocrinus  anyulatus, 

Caryocnnus  ornatus. 

The  species  preceded  by  one  star  (*)  are  found,  in  New 
York,  already  in  the  limestone  lenses  at  the  top  of  the  Clinton; 
those  preceded  by  two  stars  are  found  even  in  the  upper  part  of 
the  true  Clinton,  beneath  the  lenses.  The  absence  of  any  species 
of  Spirifcr  in  the  Waco  limestone  is  especially  noteworthy. 

In  the  west,  in  Indiana,  this  Rochester  shale  fauna  makes 
its  first  appearance  in  the  upper  part  of  the  Osgood  formation, 
in  the  so-called  Osgood  limestone,  which  overlies  the  thick  clay 
section  which  forms  by  far  the  greater  part  of  the  Osgood  forma- 
tion. This  so-called  Osgood  limestone  could  be  placed  strati- 
graphically  just  as  conveniently  at  the  bottom  of  the  Laurel 
limestone  as  at  the  top  of  the  Osgood  formation. 

As  far  as  may  be  determined  from  the  evidence  at  hand,  the 
Alger  clay  corresponds  to  the  thick  clay  forming  by  far  the 
greater  part  of  the  Osgood  formation  ns  originally  described  in 
Indiana.  The  fauna  of  the  Waco  horizon  in  the  Alger  clay 
is  found  stratigraphically  beneath  the  fauna  in  the  so-called 
Osgood  limestone  of  Indiana.  The  fossils  listed  from  the  Os- 


68  KENTUCKY  GEOLOGICAL  SURVEY. 

good  formation  of  Indiana  were  obtained  from  the  so-called  Os- 
good  limestone,  and  not  from  the  thick  clay  section,  correspond- 
ing to  the  Alger  clay.  The  first  appearance  of  the  Rochester 
shale  fauna  in  the  Cincinnati  geanticline  region  is  in  the  Osgood 
limestone,  above  the  Osgood  clay,  or  Alger  clay,  or  Niagara 
shale  horizon  of  these  States.  The  Waco  limestone  fauna  is  a 
different  fauna  from  that  of  the  Rochester  shale,  and  precedes 
the  arrival  of  the  latter  in  the  west. 

The  thick  Osgood  clay  of  Indiana,  the  so-called  Niagara  shale 
of  Ohio,  and  the  Alger  clay  of  east-central  Kentucky  may  be 
the  stratigTaphical  equivalents  of  the  Rochester  shale  of  New 
York,  but  they  are  not  the  paleontolcgical  equivalents.  If 
they  are  the  stratigTaphical  equivalents,  then  a  part  of  the 
Rochester  shale  fauna  must  have  reached  the  western  part  of 
New  York  already  during  the  time  of  formation  of  the  limestone 
lenses  at  the  top  of  the  Clinton,  while  in  Ohio,  Indiana,  and 
Kentucky  it  did  not  reach  any  typical  development  before  the 
close  of  the  deposition  of  the  great  clays  formerly  identified  as 
Niagara  shale.  The  fauna  of  the  Waco  limestones  is  quite  dis- 
tinct from  that  of  any  Silurian  formation  in  New  York.  It 
shows  distinct  affinities  with  the  Silurian  of  Sweden,  and  ap- 
pears to  have  entered  the  field  across  northern  Lake  Huron. 

One  of  the  most  interesting  results  of  these  preliminary  in- 
vestigations of  the  fauna  of  the  Waco  limestones  is  the  accumu- 
lating evidence  of  a  fauna  closely  allied  to  that  found  in  the 
Silurian  of  Gotland  and  in  the  Wenlock  division  of  the  Silurian 
in  England.  This  fauna  appears  to  be  absent  in  New  York  and 
along  the  Appalachian  areas  of  this  country,  and  therefore  may 
have  been  introduced  into  this  country  from  the  north,  across 
the  northern  end  of  Lake  Huron,  rather  than  from  the  north- 
east. This  is  suggested  by  the  presence  of  Syrinf/olitcs  liuron- 
cnsis  in  the  Silurian  of  Manitoulin  Island  in  the  northern  part 
of  the  lake,  and  by  the  presence  of  species  in  the  Niagarau 
strata  of  Indiana,  Illinois,  and  Wisconsin,  suggesting  affinities 
with  those  of  northwestern  Europe. 

Among  the  species  in  the  Waco  limestone  fauna  may  be 
mentioned  Syringolites  hiironensis,  which  finds  a  near  relative, 
structurally,  in  Roemeria  kitnthiana,  of  Gotland;  Lindstroemia 
lingulifera,  belonging  to  a  genus  represented  both  in  Gotland 
and  England;  Poli/orophe  radlrula,  which  may  not  be  closely 
related  to  PoJi/oropJic  fjlabra  of  Gotland,  but  which  shows  sev- 
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eral  very  strikingly  similar  features;  Calostylis  spongiosa,  which 
can  scarcely  be  distinguished  from  Calostylis  denticulata,  of 
Gotland,  and  which  had  relatives  also  in  England;  and  Crepi- 
pora  f  squainata,  apparently  identical  specifically  with  the  form 
bearing  this  name  in  the  Silurian  of  Gotland,  and  in  the  Wen- 
lock  of  England.  It  is  likely  that  a  fuller  study  of  this  fauna 
will  result  in  the  further  accumulation  of  similar  facts.  These 
problems  of  the  directions  and  times  of  migrations  of  ancient 
faunas  are  among  the  most  interesting  opening  up  to  the  nat- 
uralists of  to-day.  They  may  be  of  very  little  economic  import- 
ance, but  they  give  us  an  insight  into  the  wonderful  complexity 
of  the  processes  which  have  resulted  in  the  present  life  of  the 
world,  which  can  not  fail  to  give  an  added  interest  to  the  study 
of  the  works  of  the  Creator. 

Estill  Clay. 

That  part  of  the  Alger  formation  which  overlies  the  Waco 
horizon  is  called  here  the  Estill  clay.  The  typical  exposure  oc- 
curs north  of  Irvine,  about  a  quarter  of  a  mile  east  of  the  home 
of  James  P.  Harris.  The  exposure  is  reached  by  following  the 
road  passing  Estill  Springs  to  where  it  follows  the  bed  of  White 
Oak  creek,  and  then  taking  the  first  road  leading  eastward  up 
a  steep  hill.  Here  an  exposure  of  clay,  fifty-six  feet  thick,  over- 
lies the  Waco  limestone  horizon.  Immediately  north  of  Crab 
Orchard,  along  the  pike  to  Lancaster,  a  continuous  section  of 
clay,  sixty-five  feet  thick,  is  exposed  on  the  western  side  of  the 
road,  ending  at  a  salt  well  which  evidently  penetrates1  still  lower 
parts  of  the  clay,  so  that  the  total  thickness  is  not  known.  Far- 
ther north,  in  Fleming  and  Lewis  counties,  much  thicker  sec- 
tions of  soft  bluish-white  clay  are  seen.  In  Lewis  county,  this 
thickness  exceeds  100  feet.  In  one  instance,  a  limestone  con- 
taining Halijsites  catenulatus  was  found  immediately  above  the 
clay.  From  this  it  is  estimated  that  the  thickness  of  the  Alger 
clay  in  eastern  Kentucky  originally  was  at  least  100  feet,  and 
that,  where  the  Waco  horizon  can  be  identified,  at  least  seventy- 
five  feet  are  to  be  assigned  to  the  Estill  clay. 

As  a  matter  of  fact,  little  can  be  known  of  the  original  thick- 
ness of  the  Estill  clay  in  eastern  Kentucky,  owing  to  the  re- 
moval by  erosion  or  weathering  of  more  or  less*  of  this  elayi 
before  the  deposition  of  the  Devonian  limestone.  Farther  north, 
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in  Ohio,  where  Silurian  limestones  conformably  overlie  the 
equivalents  of  the  Alger  clay,  more  exact  knowledge  of  its  orig- 
inal thickness  is  obtainable. 

At  West  Union,  the  thickness  of  the  Alger  clay  apparently 
is  148  feet,  but  par^  of  this  apparent  thickness  may  be  due  to 
dip.  At  Peebles,  northeast  of  West  Union,  the  Niagara  shale 
section  of  the  Ohio  survey  is  eighty-five  feet  thick.  At  Hills- 
boro,  it  is  seventy-five  feet  thick.  Farther  north  it  rapidly 
diminishes  in  thickness'  and  changes  gradually  into  strongly 
calcareous  clay  interbedded  with  a  considerable  quantity  of 
thin  limestone.  At  Dayton,  in  Ohio,  the  equivalents  of  the 
Niagara  shale,  of  southern  Ohio,  are  about  thirty  feet  thick. 

From  this  it  is  evident  that  the  strata  known  as  Niagara 
shale,  in  Ohio,  become  rapidly  thicker  southward,  at  least  as 
far  as  Lewis  county.  Whether,  before  the  erosion  preceding 
the  deposition  of  the  Devonian  limestone,  this  increase  in  thick- 
ness of  the  equivalent  Alger  clay  continued  as  far  as  east-central 
Kentucky,  can  not  be  determined  at  present. 

Where  the  Waco  limestone  can  not  be  identified,  it  is  im- 
possible to  determine  how  much  of  the  Alger  clay  is  to  be  as- 
signed to  the  Estill  clay  section.  In  these  cases,  provided  the 
thick  layer  of  limestone,  belonging  at  the  base  of  the  Waco  sec- 
tion, can  be  recognized,  the  name  Fladcs  clay,  from  Flades 
creek,  east  of  Crab  Orchard,  may  be  used  for  that  part  of  the 
Alger  formation  which  includes  both  the  Waco  and  Estill 
horizons. 

Only  two  species  of  fossils  have  been  identified  so  far  from 
the  Estill  clay,  both  from  the  thin  argillaceous  shales  inter- 
bedded  with  the  clays  at  the  top  of  the  exposures  west  of  Valley, 
in  Lewis  county.  These  are  Bcyricli'm  lata-iriplicata  and 
CJwnctcs  ret ust a. 

Indian  Fields  Formation. 

It  has  been  found  convenient  to  group  some  of  the  minor 
subdivisions  of  the  Silurian,  in  eastern  Kentucky,  into  larger 
divisions,  here  called  formations.  The  lower  one  of  these  is 
the  Indian  Fields  formation.  This  includes  not  only  the  Plum 
creek  clay  and  the  Oldham  limestone,  but  also  those  layers  of 
limestone  beneath  the  Plum  creek  clav  which  are  regarded  as 


KENTUCKY   GEOLOGICAL   SURVEY.  61 

belonging  above  the  line  of  unconformity  marked,  in  east-central 
Kentucky,  by  the  IVhitfieldella  siibquadrata  and  oolitic  iron 
ore  bed.  The  total  thickness  of  these  layers  of  limestone  usually 
does  not  exceed  one  or  two  feet.  This  method  of  classification, 
evidently,  is  an  attempt  to  give  a  paleontological  basis  to  the 
divisions'proposed,  and,  as  long  as1  such  a  classification  is  not 
used  for  purposes  of  mapping,  it  may  have  a  certain  degree  of 
usefulness. 

Farther  north,  in  Adams  county,  Ohio,  where  the  Whitfield- 
clla  quad  ran  (jnlans  layer  is  distinctly  below  the  oolitic  iron 
ore  bed,  it  appears  to  be  the  iron  ore  bed,  rather  than  the  Whit- 
fu:1dclla  layer,  which  marks  the  position  of  the  unconformity. 

The  typical  exposure  of  Indian  Fields  formation  occurs 
about  a  mile  and  a  half  northwest  of  Indian  Fields,  along  the 
railroad,  and  extends  from  the  second  good  cut  west  of  Howard 
creek,  eastward  as  far  as  the  great  fill  crossing  the  valley  oc- 
cupied by  that  creek.  Equally  instructive  exposures  occur  along 
the  railroad  between  Panola  and  Brassfield. 

Alger  Formation. 

The  Lulbegrud  clay,  Waco  limestone  horizon,  and  Estill 
clay  have  been  united  so  as  to  form  thy  Alger  formation.  This 
is  essentially  a  clay  formation,  the  total  quantity  of  limestone 
in  the  Waco  limestone  section  forming  but  an  insignificant  part 
of  the  Alger  formation,  taken  as  a  whole.  By  far  the  best  sec- 
tions known  occur  north  of  Irvine,  along  the  road  passing  Estill 
Springs.  The  most  instructive  section  is  that  along  a  road 
leading  from  White  Oak  creek  eastward  up  a  steep  hill,  about 
a  quarter  of  a  mile  east  of  the  home  of  James  F.  Harris,  since 
in  this  section  all  the  members  of  the  Alger  formation  may  be 
distinguished  readily.  The  section  along  the  road  passing  the 
home  of  Mr.  Harris,  however,  is  a  continuous  section,  and, 
although  the  Waco  horizon  here  carries  few  fossils,  this  very 
fact  is  of  interest,  illustrating  the  rapid  local  variation  of  this 
horizon.  Excellent  exposures  occur  also  east  of  Panola,  along 
the  railroad. 

The  formation  takes  its  name  from  Alger,  a  station  along  the 
railroad  between  Panola  and  Irvine.  Here  a  branch  of  Drown- 
ing creek  exposes  the  formation,  and  since  the  name  Irvine  is 
preoccupied  for  another  formation,  the  name  Alger  will  serve 
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as  at  least  a  fairly  good  index  of  the  region  in  which  typical 
exposures  of  this  formation  may  be  found. 

The  various  members  of  the  Alger  formation  have  already 
been  described  with  sufficient  detail  to  make  any  further  de- 
scription of  the  Alger  formation,  as  a  whole,  unnecessary. 

Crab  Orchard  Division. 

The  Indian  Fields  formation  and  the  Alger  formation  have 
been  united  to  form  the  Crab  Orchard  division  of  Niagaran 
rocks.  This  grouping  is  based  upon  a  combination  of  strati- 
graphical  and  paleontological  data,  ami  is  merely  an  effort  to 
construct  for  the  Silurian  strata  of  Kentucky  a  system  of  group- 
ings which  Avill  serve  to  indicate  the  stratigraphical  equivalency 
of  the  Silurian  strata  of  this  State  with  corresponding  strata 
in  Ohio.  In  other  words,  the  Brassficld  limestone  is  believed 
to  correspond  to  those  strata  which  in  Ohio  have  been  identified 
as  Clinton.  The  Crab  Orchard  division  of  Kentucky  is  correl- 
lated  with  the  strata  identified  asi  the  Niagara  shale  in  Ohio. 
In  Ohio,  the  Dayton  limestone  has  been  included  in  the  Niagara 
shale  section,  forming  the  basal  part  of  this  section.  In  Ken- 
tucky, the  Oldham  limestone,  believed  to  be  the  stratigraphical 
equivalent  of  the  Dayton  limestone,  also  is  included  in  the  lower 
part  of  the  same  division  as  the  great  mass  of  clays.  But  in 
Kentucky  the  great  mass  of  clays  is  called  the  Alger  formation, 
and  the  limestone  regarded  as  equivalent  to  the  Dayton  lime- 
stone has  been  called  the  Oldham  limestone. 

From  a  lithological  standpoint,  this  grouping  of  strata  is 
perhaps  not  as  natural  as  one  in  which  the  entire  Silurian  sec- 
tion of  east-central  Kentucky  would  be  divided  into  two  great 
divisions,  consisting  of  a  great  lower  division  including  chiefly 
limestone,  but  also  one  considerable  clay  deposit,  and  of  a  great 
upper  division,  consisting  almost  entirely  of  clay.  In  this  case, 
the  lower  division  would  include  the  Brassfield,  Plum  creek, 
and  Oldham  beds,  while  the  upper  division  would  include  all 
of  the  Alger  formation.  The  arrangement  adopted  in  the  pres- 
ent bulletin  is  that  best  adapted  to  show  the  parallelism  between 
the  corresponding  strata  of  Ohio  and  Kentucky. 

The  name  Crab  Orchard  was  introduced  by  Linney,  in  his 
report  on  Lincoln  county.  He  did  not  define  this  term  with  the 
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exactness  which  is  necessary  for  determining  its  exact  equiva- 
lency with  the  various  subdivisions  here  established.  There  is 
no  doubt  of  the  application  of  the  name  Crab  Orchard  to  all 
of  the  Alger  formation,  but  apparently  Linney  included  also 
the  Plum  creek  clay  and  its  equivalents  southwest  of  B'rassfield. 
Under  these  conditions  it  has  been  considered  desirable  to  give 
this  name  the  widest  significance  which  it  possibly  could  have 
had,  and  therefore  it  has  been  employed  for  all  Silurian  strata 
of  east-central  Kentucky  which  lie  above  the  Brassfield  bed. 
This  would  include  both  the  Indian  Fields  and  Alger  formations. 
On  account  of  their  historical  interest,  the  observations  by 
Linney  are  republished  on  the  following  pages,  with  such  com- 
ments as  will  serve  to  make  clear  the  meaning  in  those  cases 
where  at  present  the  language  may  appear  obscure,  and  such 
further  notes  as  will  show  the  relationship  of  the  divisions  then 
in  use  to  those  now  established. 


Linney 's  Reports  on  the  Silurian  Rocks  East  of  the 
Cincinnati  Geanticline. 


A.   LINCOLN  COUNTY. 

In  the  Keport  on  the  Geology  of  Lincoln  County,  by  W.  M. 
Linney,  published  in  1882,  the  following  account  is  given  of  the 
Silurian  rocks  of  the  county: 

VMedina  Sandstone. — In  the  northeastern  portion  of  Lincoln 
count}'  there  is  to  be  seen,  in  a  number  of  places,  a  series  of 
bull'  sandstones,  which  sometimes  show  as  hard  concretionary 
shales,  which  are  disposed  to  break  into  squares  hardly  more 
than  an  inch  in  diameter. 

"These  beds  at  their  thickest  points  are  about  thirty-five 
feet  in  thickness;  and  erosion  over  them  is  comparatively  rapid, 
and  they  leave  a  soil  which  is  sandy  and  easy  to  wash.  These 
tracts  have  a  local  name  of  'Bald  Hill  Soils/  from  a  locality 
in  Garrard  county  where  the  rocks  are  exposed,  and  so  called 
because  they  have  become,  in  places,  sterile  from  the  amount 
of  sand  which  covers  them. 

"Internally  they  show  yellow  and  green  spots.     Some  of 
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Plate  A.    Illustrating  classification  used  by  W.  M.  Linney. 
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the  layers  have  a  small  portion  of  lime  in  them.  This  series  is 
well  exposed  on  a  road  leading  from  Richmond  Junction  (now 
called  Rowland)  to  Dudderar's  Mill,  on  Dix  river  (three  miles 
northeast  of  Rowland,  on  the  road  to  Gilbert  Creek  Station). 
Here,  at  many  places  in  the  hill-sides,  can  the  Colwnnarla,  bed 
be  seen  covered  up  in  the  sand  which  was  brought  by  the  cur- 
rents and  swept  over  them. 

"A  little  north  and  east  of  Hall's  Gap  Station,  and  on  the 
road  thence  toward  Crab  Orchard,  they  may  be  seen  as  they 
are  presented  in  Garrard  and  Madison  counties.  While  at 
nearly  every  point  exposed  the  layers  seem  worthless  for  build- 
ing purposes,  yet  locally  there  are  some  fine  durable  stones 
among  them.  At  Mr.  J.  T.  Lynn's,  about  a  mile  (east)  from 
Hall's  Gap  Station,  stones  were  quarried  for  foundations,  steps, 
etc.;  a  very  desirable  stone  was  obtained,  which  has  every  ap- 
pearance of  being  durable.  They  are  easily  taken  from  the 
quarry,  come  out  in  good  shape,  and  can  be  dressed  with  an 
axe,  so  soft  is  their  character.  They  harden  on  exposure,  and 
become  of  a  deep  buff  color.  At  James'  Mill,  on  Dix  river  (two 
miles  north  of  Crab  Orchard),  the  stack  was  made  of  stones 
taken  from  these  beds,  and  nothing  could  have  suited  the  pur- 
pose better. 

"In  every  direction  from  Crab  Orchard  these  rocks  may  be 
seen  when  looked  for,  presenting  often  small  sterile  spots;  in 
some  cases  they  have  been  built  into  stone  fences.  Some  of 
the  soils  over  these  beds  are  fairly  good  where  they  have  been 
taken  care  of;  but  too  often  they  present  the  features  which 
are  mentioned  in  the  report  on  Washington  county. 

"In  some  of  the  heavier  layers,  at  particular  points,  are 
included  a  few  geodes  filled  with  calcite  crystals  of  a  pinkish 
color.  In  some  instances  I  found  small  masses'  of  celestite  or 
strontium  sulphate  in  a  heavy  hard  layer  near  the  top,  and  oc- 
casionally small  nodules  of  zinc  blende  were  seen. 

"Many  of  the  layers  are  remarkably  full  of  sea-weeds;  their 
branching  and  matted  stems  covering  layers  everywhere  as  far 
as  they  can  be  traced.  One  bed,  a  few  inches  thick,  seems  to 
have  held  branching  forms  of  Chaetetes  corals  (now  known  as 
branching  bryozoans)  ;  the  cavities  filled  with  petroleum.  Fos- 
sils are  very  few,  and  exist  only  as  very  poor  sandy  casts.  They 
probably  include  small  forms  of  Atrypa  reticularis  (probably 
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the  interior  casts  of  ^^'hltfieldella  cylindrica-siibquadrata  show- 
ing* little  else  than  the  muscular  scars)  and  Zaphrentis  bilatcr- 
alis  (probably  the  common  cup-coral,  here  called  Cyatliopliyl- 
lum  caliculiun,  which  is  found  in  the  upper  part  of  the  Brass- 
field  or  Clinton  bed,  just  beneath  the  WMtfieldella  layer)  ;  but 
such  was  their  condition  that  they  could  not  be  determined  satis- 
factorily. 

"In  the  western  portion  of  the  county  these  rocks  are  seen 
between  Moreland  and  Carpenter's  station;  but  here  they  are 
thinner  than  in  the  eastern  part,  and  present  no  new  phases. 
The  whole  series  has  the  appearance  of  being  a  reef-like  accum- 
ulation, deposited  largely  or  entirely  by  currents,  and  some- 
times probably  in  the  face  of  waves,  as  at  several  points  one 
or  two  layers  have  a  wave-like  structure.  The  life  which  existed 
in  the  waters  before  seems  to  have  all  been  destroyed  here  at 
this  time,  and  during-  the  invasions  of  the  Medina  sand  (the 
rocks  so  identified  in  Lincoln  county  belong  in  part  to  the  top 
of  the  Ordovician  and  in  part  to  the  base  of  the  Silurian)  seem 
not  to  have  been  fitted  for  anything  but  plant-life,  except  in 
rare  instances,  and  for  short  duration. 

"Crab  Orchard  Shale. — Overlying  the  Medina  sandstone  (see 
comment  above)  in  the  eastern  part  of  the  county  is  a  group 
of  clay  shales,  which  reach  in  several  instances  a  thickness  of 
forty  feet,  but  thin  down  in  others  to  a  mere  trace.  These 
shales,  as  seen  in  exposed  places,  are  gray  or  white,  sometimes 
green;  but  when  freshly  excavated  are  black,  green,  olive,  blue, 
and  red.  They  are  soft  and  crumbling,  and  are  soon  reduced 
to  clay,  and  when  tramped  in  wet  roads  become  stiff  and 
tenacious. 

"Within  this  deposit  are  a  few  hard  smooth  plates  of  thin 
limestones,  with  sometimes  obscure  markings  of  plants;  these 
plates  are  hard,  and  are  often  seen  where  all  the  shales  have 
decomposed.  These  plates,  and  sometimes  the  shales,  have  a 
curved  structure,  and  at  times  some  of  the  laminae  overlap  the 
thinned-out  edges  of  others. 

"Included  in  this  bed  are  crystals  of  selenite  (gypsum),  arid 
crystals  and  nodules  of  iron  pyrites ;  sometimes  a  plate  of  iron 
shale  is  also  seen.  The  whole  bed  seems  to  be  impregnated  with 
carbonate  of  magnesia.  To  the  presence  of  those  three  minerals, 
in  the  form  they  assume,  is  due  the  peculiar  character  of  the 
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magnesium  compound,  which,  under  the  name  of  Crab  Orchard 
salts,  is  manufactured  from  these  shales.  These  shales  are 
placed  provisionally  in  the  Clinton  (they  now  are  known  to 
overlie  the  Clinton)  until  more  is  learned  in  regard  to  their 
relation.  As  these  shales  contain  gypsum,  soda,  and  potash, 
it  would  be  advisable  for  farmers  and  others  to  make  some  ex- 
perimental tests  with  them  as  fertilizers." 

From  the  preceding  paragraphs,  quoted  from  the  report  on 
Lincoln  county,  it  is  evident  that  Mr.  Linney  divided  the  Siluri- 
an, as  identified  by  him,  into  two  divisions.  The  lower  of  these 
he  correlated  with  the  Medina  of  New  York.  Not  being  cer- 
tain of  the  advisability  of  correlating  the  clay  shales,  forming 
the  upper  part  of  the  Silurian  section  in  this  part  of  Kentucky, 
with  the  Clinton  of  New  York,  he  called  them  the  Crab  Orchard 
shales.  (Plate  A,  page  64.) 

The  "Bald  Hill  Soils"  are  of  Ordovician  age.  They  form 
that  part  of  the  Richmond  group  which  overlies  the  Columnaria, 
layer.  The  Columnaria-  layer  was  regarded  as  marking  the 
base  of  the  Silurian,  whereas  as  present  it  is  known  to  be  at 
least  seventy-five  feet  beloAV  the  top  of  the  Richmond,  and  to 
be  underlaid  by  about  the  same  thickness  of  almost  unfossilifer- 
ous  strata,  al*o  of  Richmond  age.  Liuney's  estimate  of  thirty- 
five  feet  for  that  part  of  the  Richmond  section  which  overlies 
the  Columnaria  layer  is  manifestly  incorrect,  but  this  is  true 
of  most  of  his  so-called  measurements,  which  in  reality  were 
estimates  made  without  the  use  of  instruments.  The  fine  dura- 
ble stones,  found  locally  between  Hall's  Gap  Station  and  Crab 
Orchard,  are  of  Brassfield  or  Clinton  age.  At  James'  Mill,  on 
Dix  river,  two  miles  north  of  Crab  Orchard,  on  the  road  1o 
Preachersville,  both  the  Oldham  limestone  and  the  top  of  the 
Brassfield  limestone  are  exposed,  but  only  the  latter  is  hard 
and  offers  layers  of  suitable  thickness  for  building  purposes. 
The  Brassfield  limestone  is  the  only  one  around  Crab  Orchard 
which  has  been  built  into  fences.  The  heavier  layers  of  lime- 
stone are  also  of  this  age.  The  fossiliferous  beds  undoubtedly 
belong  at  the  top  of  the  Brassfield  section,  since  the  upper  part 
of  the  Richmond  in  this  section  is  practically  unfossiliferous'. 
The  remains  identified  as  Atri/pa  reticularis  must  have  been 
that  part  of  the  internal  casts  of  Whitfieldclla  subquadrata 
which  includes  the  impressions  of  the  muscular  scars  of  the 
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pedicle  valve  (Plate  1,  figs.  3- A,  B.  C),  since  this  is  the  form 
commonly  associated  with  the  small  cup  coral  identified  by 
Linney  as  Zaphrentis  bilateralls.  These  fossils  of  the  '\Yhit- 
fieldella  layer  form  altogether  too  conspicuous  features  of  the 
Silurian  section  to  have  escaped  attention,  and  are  the  fossils 
with  which  these  names  were  identified  by  local  geologists  ten 
or  fifteen  years  ago. 

The  pockets  of  petroleum  occur  almost  exclusively  in  the 
Brassfield  and  Devonian  limestones,  in  this  area.  The  strata 
between  Moreland  and  Carpenter's  station  are  of  Ordovician  age. 

The  Crab  Orchard  shale  of  this  report  includes  the  Alger 
clay.  The  thickness  of  forty  feet  is  exceeded  at  all  localities  in 
the  immediate  vicinity  of  Crab  Orchard.  North  of  Crab  Or- 
chard, this  thickness  equals  at  least  seventy-five  feet,  and  its 
exact  thickness  is  unknown,  on  account  of  the  unknown  dip  and 
the  great  distance  between  the  top  and  bottom  of  the  section. 

The  hard  smooth  plates  of  thin  limestone  with  obscure  mark- 
ings of  plants  are  the  thin  plates  of  argillaceous  shale  scattered 
throughout  various  parts  of  the  Alger  formation.  This  is  also 
the  formation  including  the  Crab  Orchard  salts. 

From  these  notes  it  would  seem  most  reasonable  to  assume 
that  Linney  practically  included  only  the  Alger  clay  in  his 
original  discussion  of  the  Crab  Orchard  shale.  There  *is  no 
doubt  that  he  included  the  Whitfieldella  subquadrata  layer  in 
his  Medina.  Nothing  is  said  any  where  which  would  determine 
his  disposition  of  the  Oldham  limestone,  but  it  seems  most 
reasonable  to  assume  that  in  this  report  it  was  included  in  the 
Medina. 

B.    GARRARD  COUNTY. 

Linney's  description  of  the  rocks  in  Garrard  county  identi- 
fied by  him  as  Upper  Silurian  (now  known  as  Silurian)  is  as 
follows : 

"The  rocks  of  the  Upper  Silurian  in  Garrard  amount  only 
to  a  thickness  of  some  sixty  feet^  and  have  at  the  base  thirty-five 
feet  of  sandstones,  which  are  the  probable  equivalents  of  the 
Medina  sandstone  of  New  York.  The  greater  part  of  this  is  a 
soft,  easily  pulverized  sandstone,  sometimes  concretionary,  con- 
taining in  places  some  layers  which  have  been  used  for  build- 
ing purposes.  They  quarry  very  easily,  and  in  good  well-shaped 
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blocks.  They  are  of  a  dull  yellow,  but  are  much  lighter  in  color 
than  the  rocks  from  the  middle  beds  of  the  Hudson  river  (the 
Garrard  bed)  in  other  parts  of  the  county.  They  harden,  when 
placed  above  drainage,  and  become  very  durable. 

"The  soils  derived  from  these  rocks  are  sandy  and  easily 
eroded,  consequently  one  sees  many  sterile  spots  in  the  parts 
of  the  county  where  they  exist.  They  are  better  exposed  in  what 
are  called  the  Bald  Hills,  than  at  any  other  locality.  They 
range  across  the  county  from  Madison  to  Lincoln,  never  forming 
very  wide  exposures,  and  are  heavier  on  the  Lincoln  side.  A 
single  layer  of  this  stone  contains  a  small  amount  of  petroleum, 
and  sometimes  through  some  of  the  heavier  beds  are  seen  crys- 
tals of  celestine,  and,  in  a  few  instances,  small  lumps  of  zinc 
blende.  Casts  of  a  small  form  of  Atrypa  rcticidaris,  and  some 
other,  but  indeterminable,  forms  are  found  in  the  sandstone. 
At  the  top  of  this  sandstone  are  often  a  few  inches  of  limestone, 
vesicular  in  structure.  This  structure  is  due  to  the  former  in- 
clusion of  fossils,  which  have  been  removed.  While  interiorly 
blue,  this  stratum  turns  red  on  exposure,  owing  to  the  oxidation 
of  the  iron  that  it  contains. 

"Lying  on  this  limestone  are  from  sixteen  to  twenty-five  feet 
of  mud  shales  or  marls,  with  a  few  thin  plates  of  limestone  inter- 
calated. The  shales  are  blue,  black,  olive,  and  brownish-red; 
are  soft  and  fragile,  and  decompose  directly  into  stiff,  tenacious 
clay.  Crystals  of  selenite  and  iron  pyrites  are  common,  and 
the  whole  series  is  impregnated  with  magnesia.  These  shales 
are  usually  seen  in  the  hillsides  as  Avhite  clays  and  sterile  spots, 
but  in  one  place  they  cover  several  miles  of  surface,  except  where 
cut  through  by  hollows.  These  are  the  shales  from  which  the 
celebrated  Crab  Orchard  salts  are  manufactured,  and  which  are 
more  particularly  noticed  in  my  report  on  Lincoln  county.  The 
shales  may  belong  to  the  Clinton  group,  but  until  they  are  con- 
nected with  rocks  which  are  undoubtedly  Clinton,  we  may  re- 
tain the  name  of  'Crab  Orchard  Shales.""  (Plate  A.) 

It  will  be  noticed  that  the  description  of  the  so-called  Medina 
rocks  of  Garrard  county  agrees  closely  with  that  of  the  rocks 
identified  as  Medina  in  Lincoln  county.  The  single  layer  of 
stone  containing  a  small  amount  of  petroleum  is  the  Whitficld- 
cUa  layer,  which  often  contains  a  little  petroleum  in  the  cavities 
left  by  the  dissolution  of  the  thick  parts  of  the  shell  of  this 
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species  of  WKitfieldella,  near  the  hinge.  This  must  be  the  hori- 
zon from  which  the  so-called  Atrypa,  rcticularis  was  identified. 
It  is  undoubtedly  the  horizon  described  in  the  following  terms : 
"At  the  top  of  this  (Medina)  sandstone  are  often  a  few  inches 
of  limestone,  vesicular, in  structure.  This  structure  is  due  to 
the  former  inclusion  of  fossils,  which  have  been  removed.  While 
interiorly  blue,  this  stratum  turns  red  on  exposure,  owing  to  the 
oxidation  of  the  iron  that  it  contains."  There  is  only  one  layer 
which  shows  these  cavities  and  which  has  this  ferruginous  char- 
acter, and  that  is  the  Whitficldclla  subqtiadrata  layer. 

In  this  description  Linney  definitely  limits  the  top  of  his 
Medina  at  the  Whitfieldella  layer,,  and  appears  to  assign  all  of 
the  overlying  strata  to  the  Crab  Orchard  shales.  As  a  matter 
of  fact  he  probably  gave  no  thought  whatever  to  the  few  layers 
of  limestone  belonging  to  the  Oldham  horizon.  In  Lincoln  and 
Garrard  counties,  the  equivalents  of  the  Oldham  limestone  are 
too  inconspicuous  to  receive  attention  in  a  general  survey.  Fol- 
lowing, however,  a  literal  interpretation  of  this  first  definite 
assignment  of  limits  between  the  Medina  and  Crab  Orchard 
shales,  this  limit  must  be  drawn  at  the  top  of  the  Whit  field  did 
layer  and  not  at  the  base  of  the  Alger  formation. 

The  estimates  of  the  various  thicknesses  of  the  rocks  de- 
scribed is  again  at  fault.  In  his  description  of  the  Upper  Hud- 
son Kiver  beds  of  Garrard  county,  Linney  definitely  states  that: 
"The  top  of  these  (Upper  Hudson  Eiver)  beds  and  of  the  Lower 
Silurian  (Ordovician)  is  marked  in  places  by  an  irregular  mass 
of  limestone,  which  is  filled  with  large  corals  of  the  genusi 
Columnaria>,  and  associated  with  those  are  many  other  forms, 
such  as  Tctradium,,  fttrcptclasma,  etc.;  but  often  the  Cumber- 
land Sandstone  is  at  the  top,  making  it  difficult  to  determine  the 
dividing  line  between  it  and  the  next."  As  a  matter  of  fact, 
the  Columnaria  layer  of  Garrard  county  does  not  contain  many 
other  fossils,  Columnaria  being  almost  the  only  fossil  found. 
This  part  of  Linney's  statement  is  due,  no  doubt,  to  the  pres- 
ence of  numerous  fossils  immediately  above  the  Coluninaria  lay- 
ers in  Marion,  Washington,  and  Nelson  counties,  Avith  which  he 
was  familiar.  The  Columnaria  layer  was  regarded  as  marking: 
the  line  of  division  between  the  Cumberland  sandstone  and  the 
Medina  sandstone.  The  Cumberland  sandstone  of  this  descrip- 
tion includes  that  part  of  the  unfossiliferous  Ordovician  section 
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which  lies  beneath  the  Columnaria  layer.  It  consists  chiefly  of 
strata  of  Richmond  age,  since  the  top  of  the  fossiliferous  beds 
beneath  belongs  to  about  the  middle  of  the  Arnheiin  layer,  to  the 
horizon  containing  Lcptaena  rhomboidctlis  and  Rhynchotroma 
dentatum.  Since,  owing  to  the  absence  of  other  fossils,  the 
Columnaria  layer  was  about  the  only  means,  in  Garrard 
county,  of  distinguishing  the  Cumberland  sandstone  from 
the  Medina  sandstone  of  Linney,  it  is  evident  that,  where 
the  Columnaria  layer  was  absent,  in  other  words,  where 
the  Cumberland  sandstone  formed  the  top  of  Linney's 
Lower  Silurian,  without  the  intervention  of  the  Columnaria 
layer,  it  was  difficult  to  determine  the  dividing  line  between  it 
and  the  next. 

The  thickness  of  the  section  between  the  Columnaria  layer 
and  the  Whitfieldclla  layer,  the  strata  identified  by  Linney  as 
Medina,  is  about  eighty-five  feet,  instead  of  thirty-five  feet.  The 
thickness  of  the  Silurian  section  overlying  the  Whitfieldella 
layer  in  Garrard  county  varies  between  twenty  and  sixty-five 
feet.  That  part  of  the  section  overlying  the  solid  layer  of  lime- 
stone, believed  to  mark  the  base  of  the  Waco  horizon,  varies  in 
thickness  from  0  to  almost  forty  feet.  From  this  it  seems  not 
impossible  that  some  of  the  measurements  of  the  Crab  Orchard 
section  were  made  from  the  solid  limestone  at  the  base  of  the 
Waco  horizon  rather  than  from  the  WhitfieldcUa  layer. 

C.    Cr  ARK  COUNTY. 

The  reports  on  Lincoln  and  Garrard  counties  were  published 
simultaneously,  in  December,  1882.  They  are  both,  therefore, 
given  equal  value  in  determining  what  significance  should  be 
assigned  to  the  name  Crab  Orchard  Shales. 

Two  years  later,  in  1884,  in  his  report  on  Clark  county,  Lin- 
ney changed  both  the  classification  and  the  nomenclature  of  the 
rocks  which  he  had  formerly  included  in  the  Silurian.  He  di- 
vided the  rocks  identified  by  him  as  Silurian  into  two  divisions. 
The  lower  of  these  he  considered  equivalent  to  the  Clinton  of 
New  York.  The  upper  division  he  correlated  with  the  Niagara 
group  of  that  State,  probably  having  in  mind  the  Niagara  shales, 
now  known  as  the  Rochester  shale.  The  Medina  was  identified 
doubtfully,  and  a  much  smaller  section  was  included  under  this 
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name  than  heretofore,  in  his  description  of  the  geology  of  Lin- 
coln and  Garrard  counties. 

Linney's  description  of  the  Clark  county  rocks  identified 
as  Clinton  is  as  follows: 

"The  rocks  of  the  Clinton  are  for  the  most  part  magnesian. 
limestones  and  shales.  At  the  base  are  some  heavy  sandy  layers 
which  may  represent  the  Medina  sandstone.  These  are  more  or 
less  earthy  and  friable,  crumbling  into  small  pieces  from  the 
exposed  layers,  and  when  thoroughly  reduced  and  washed  of 
the  clay  there  is  left  often,  in  places,  only  pure  sand.  These 
rocks  contain  some  casts  of  shells  in  very  poor  condition,  though 
the  Ortliis  lynoc  is  often  one  of  them.  Perhaps  a  small  form  of 
Atrypa  rclicularis  is  among  them.  These  are  succeeded  by 
thinner  layers  of  coarse-grained  limestones  and  shales,  then  sev- 
eral layers  of  heavy,  rough-bedded  blue  limestones,  after  which 
there  are  shales  and  thin  limestones  (in  the  following  table  these 
are  given  in  the  order — thin  limestones  and  shales)  overlaid 
with  heavy  strata  of  limestones. 

"These  present  about  the  following  section,  though  they  are 
not  by  any  means  uniform  in  every  place: 

Heavy  limestones 8  ft. 

Shales   7  ft. 

Thin  limestones 9  ft. 

Heavy  limestones 6  ft. 

Limestones  and  shales 11  ft. 

Sandstones  and  shales 9  ft. 


Total  50  ft. 

"The  larger  part  of  the  limestones  are  rough  and  unevenly 
bedded,  breaking  unevenly,  and  contain  some  silica  and  clay. 
These  make  a  tough  material  for  pikes  and  have  been  used  for 
that  purpose.  AYhile  they  are  a  dirty  blue,  when  freshly  broken, 
they  all  become,  on  exposure,  a  dirty  yellow,  which  is>  so  peculiar 
to  magnesian  limestones.  There  is  rather  more  than  20  per 
cent,  of  magnesia  in  all  these  limestones.  The  thin  layers  are 
more  even  in  character,  and  some  of  them  would  make  fla<r- 

'  O 

stones. 

"The  seven  feet  of  shales  seem  to  be  the  equivalent  of  the 
Crab  Orchard  shale  of  Lincoln  and  Garrard  counties.  They 
contain  the  association  of  thin  plates,  balls  of  iron  pjTite  and 
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crystals  of  sulphate  of  lime.  At  Kiddville,  at  the  residence  of 
Mr.  J.  E.  Groves,  a  well  dug  in  these  layers  gave  a  strong  epsom 
water  similar  to  the  Crab  Orchard  variety.  These  shales  are 
blue  and  red,  but  on  exposure  they  become  ash-colored  or  white. 

"At  Kiddville  and  several  other  places  one  of  the  layers  of 
limestone  was  red  in  color,  due  to  the  infiltration  of  iron.  On 
further  examination  it  wasi  seen  that  there  are  two  layers,  which 
must  be  the  representatives  of  the  beds  of  hematite  ore  in  the 
Clinton  group  in  East  Tennessee.  The  same  lenticular  struc- 
ture is  prevalent.  Sometimes  this  is  a  true  ore,  with  all  the 
characters  of  the  Clinton.  There  is  some  little  strontian  con- 
tained in  these  rocks,  a  very  usual  thing  in  Kentucky.  Pentam- 
eni8  oralis  and  Zaphrentis  bilateralis  are  very  common  fossils. 
Small  forms  of  Atnjpa  reticularis  and  other  fossils  are  found, 
but  they  are  not  good  specimens." 

Regarding  the  rocks  identified  as  belonging  to  the  Niagara 
group  Linney  states: 

"Over  the  Clinton  is  spread  sixteen  to  twenty  feet  of  blue 
and  red  shales,  which  have  intercalated  about  three  inches  of 
thin  limestone  plates.  These  make  four  layers  and  are  filled 
with  small  fossils,  usually  round-stemmed  corals  (now  known 
as  bryozoans).  They  also  contain  Strombodes  pentagonus  and 
Favosites  niagarensis.  They  seem  to  determine  the  position 
of  this  shale,  which  is  the  only  representative  of  the  (Niagara) 
group.  This  shale,  when  on  the  surface,  gives  a  very  stiff,  ten- 
acious clay,  and  when  roads  run  over  it  and  are  not  macadam- 
ized they  become  almost  impassable.  It  can  be  best  seen  at 
Eastin's  mill  (a  mile  and  a  half  east  of  Indian  Fields),  where 
there  is  a  perpendicular  section  entirely  through  it." 

The  interpretation  of  these  statements  by  Linney  offers  cer- 
tain difficulties.  The  following  interpretation  appears  most 
reasonable  (Plate  A)  : 

Linney's  work  in  Clark  and  Montgomery  counties  bridged 
the  connection  between  Garrard  and  Bath  counties.  In  Bath 
county  were  important  deposits  of  the  oolitic  iron  ore  evidently 
similar  in  character  and  stratigraphical  position  to  the  oolitic 
iron  ores  in  Adams,  Highland,  and  Clinton  counties,  in  southern 
Ohio.  It  was  quite  generally  agreed  that  these  oolitic  iron  ores 
of  Kentucky  and  southern  Ohio  corresponded  stratigraphically 
to  those  in  the  Clinton  of  New  York,  and  that  the  overlying 
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clay  shales  corresponded  to  the  Rochester  shales  of  New  York, 
then  known  as  Niagara  shales.  It  then  became  necessary  to 
revise  the  classification  of  the  rocks  of  eastern  Kentucky  so  as 
to  meet  these  views.  The  results  are  expressed  in  these  reports 
on  Clark  and  Montgomery  counties,  published,  under  the  same 
cover,  in  1884. 

In  the  report  on  Clark  county,  the  Cumberland  sandstone 
is  stated  to  include  a  seriesi  of  strata,  about  125  feet  thick,  over- 
lying the  Platystrophia  lynx  beds.  They  include  that  part  of 
the  Arnheim  layer  overlying  the  Leptaena  rhomboidalis  and 
Rhynchotrema  dentaDum  horizon,  and  also  all  of  the  Richmond 
section,  excepting  possibly  some  of  the  strata  very  near  the  top. 
As  a  matter  of  fact,  the  interval  between  the  Rhynchotrema  den- 
tatum  layer  and  the  top  of  the  Richmond  in  this  area  is  esti- 
mated at  approximately  145  feet. 

The  section  of  rocks,  published  in  connection  with  Linney's 
description  of  the  Clinton  group,  probably  was  obtained  along 
the  Lexington  &  Eastern  Railroad,  which,  at  the  time  of  Linney's 
investigations,  was  in  the  process  of  grading.  Railroad  cuts 
were  exposing  all  the  strata  northwest  of  Indian  Fields,  and 
Mr.  Linney  was  a  frequent  visitor  at  the  home  of  John  Goff,  a 
mile  south  of  Indian  Fields.  The  rocks  identified  as  possibly 
representing  the  Medina  sandstone  must  be  a  part  of  the  upper 
Richmond,  since  these  are  the  only  strata  which  are  earthy,  and 
friable,  and  which  weather  to  a  sandy  mass.  These  rocks  also 
are  the  only  ones  in  which  poor  remains  of  a  small  species  of 
Platystrophia,  incorrectly  identified  as  Platystrophia  lynx.,  are 
at  all  frequent.  The  form  identified  by  Linney  as  Atrypa  reticu- 
laris  may  have  been  poor  specimens  of  IStrophomena  sulcata, 
or  poor  specimens  of  Hcbertella.  The  shales,  seven  feet  thick, 
•undoubtedly  belong  to  the  Plum  creek  horizon.  The  overlying 
mass  of  heavy  limestones  belong  to  the  Oldham  section.  The 
limestones  below  the  Plum  creek  section  belong  to  the  Brass- 
field  bed.  The  thin  limestones  forming  the  upper  part  of  this 
bed  are  the  fossiliferous  part  of  the  section.  The  heavy  lime- 
stones beneath  form  the  base  of  the  Brassfield  bed.  The  under- 
lying limestones  and  shales,  said  to  be  eleven  feet  thick,  and 
overlying  the  sandstones  and  shales  identified  doubtfully  as  Me- 
dina, probably  form  the  very  top  of  the  Richmond  section,  over- 
lying the  fossiliferous  layers  of  this  part  of  the  Richmond. 
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The  seven  feet  of  shales  of  this  section,  called  the  Plum  Creek 
clay  in  the  present  bulletin,  were  identified  by  Linney  with  his 
Crab  Orchard  shales  on  the  basis  of  the  thin  limestone  plates, 
the  balls  of  iron  pyrites,  but  more  especially  upon  the  epsoni  salts 
which  they  contain,  a  peculiar  form  of  stratigraphic  identifica- 
tion not  unknown  in  more  recent  times.  The  ferruginous  layers 
at  Kiddville,  identified  with  the  beds  of  hematite  ore  in  the 
Clinton  group  in  East  Tennessee,  belong  to  the  Whitfieldella 
horizon,  and  to  a  second  layer  about  two  feet  higher  up,  just  be- 
neath the  Plum  creek  clay.  The  Pentamcrus  omlis  of  Linney 
probably  consisted  of  good  specimens  of  Whitfieldella  subquad- 
rata,  broken  out  of  the  rock  and  almost  entire.  The  A  try  pa 
retlcularis  could  hardly  have  been  anything  except  the  interior 
casts  of  the  upper  part  of  the  shell  of  the  same  Wltitfieldella, 
close  to  the  hinge  line,  especially  parts  showing  the  impressions 
of  the  muscular  areas  in  the  pedicel  valve.  Zaphrentls  'bilater- 
alls  is  the  very  common  simple  coral  to  which  the  name  Cyatho- 
phyllum  calyculum  has  been  applied  in  the  present  bulletin. 

The  Niagara  group  of  Linney's  report  on  Clark  county  in- 
cludes the  Alger  formation.  In  the  neighborhood  of  Indian 
Fields  only  the  Lulbegrud  clay,  the  Waco  horizon,  and  the  base 
of  the  Estill  clay  are  exposed.  At  most  localities  in  the  northern 
part  of  the  county  the  thickness  of  the  Estill  clay  does  not  ex- 
ceed ten  feet,  and  occasionally  it  is  less  than  five  feet.  The 
thickness  of  the  Lulbegrud  clay  is  about  thirteen  feet.  That 
of  the  Waco  limestone  is  about  nine  feet.  So  that  here,  as  else- 
where, the  measurements  of  Linney  are  not  strictly  accurate. 

The  fossils  in  the  thin  limestones  came  from  the  Waco  hori- 
zon. The  small,  round-stemmed  corals  are  now  known  as  bry- 
ozoans.  Strombodcs  pentagonus  is  some  species  of  Arachnophyl- 
Inm.  Arachnophyllum  mamillare-distans  is  the  most  common 
species  in  the  vicinity  of  Indian  Fields.  Favosites  magarensis 
occurs,  although  other  species  are  more  common.  The  section 
of  clay  at  Eastin's  mill  belongs  to  the  Lulbegrud  horizon.  The 
well  dug  on  the  J.  E.  Grove  property,  northeast  of  Kiddville,  on 
the  Levee  road,  penetrated  the  same  clay,  the  Lulbegrud  horizon. 

D.   MONTGOMERY  COUNTY. 

In  the  report  on  the  geology  of  Montgomery  county,  Linney 
uses  about  the  same  divisions  of  the  strata,  considered  by  him 
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as  Silurian,  as  in  the  case  of  the  report  on  Clark  county.  The 
Clinton  group  is  described  as  being  sixty  feet  thick,  an  increase 
of  ten  feet  in  thickness  if  compared  with  the  Clinton  group  of 
Clark  county.  This  is  ascribed  to  an  increase  in  thickness  of 
the  sandy  (Ordovician)  layers  at  the  base,  which,  in  the  more 
western  counties,  Marion  and  Nelson,  were  identified  as  Medina 
sandstone.  Above  this  sandy  rock  resembling  the  Medina,  ac- 
cording to  Linney,  occur  the  rough-bedded,  heavy  limestones 
(the  Brassfield  bed),  the  shales  identified  by  Linney  as  the 
Grab  Orchard  shales  (the  Plum  creek  clay),  and  somewhat 
heavier  massive  layers,  of  which  one,  in  one  or  two  places, 
shows  well  a  wave-like  structure  with  large  ridges  (the  Old- 
ham  limestone).  The  Niagara  shale  (the  Alger  clay  horizon) 
has  about  the  same  thickness  as  in  Clark  county,  about  eighteen 
feet.  (Plate  A.) 

E.    BATH  COUNTY. 

In  the  report  on  the  geology  of  Bath  county,  published  in 
1886,  Linney  divides  the  rocks  which  he  identifies  as  Silurian 
into  three  divisions:  the  Medina,  Clinton,  and  Niagara.  To 
the  Medina  he  assigns  only  ten.  feet  of  rock,  sandy,  more  or  less 
interbedded  with  shale,  at  present  known  to  belong  to  the  top 
of  the  Richmond  division  of  the  Cincinnatian  series  of  rocks. 
To  the  Clinton  he  assigned  limestones  and  shales  having  a  total 
thickness  of  thirty-four  feet,  and  .presenting  the  following  aver- 
age section,  described  in  descending  order : 

Thin  limestones  and   shales 2  ft. 

Limestone    10  in. 

Shale  1  ft.     9  in. 

Limestones   11  in. 

Shales  and  thin  limestones 4  ft. 

Iron   ore 2  ft. 

Thin   limestone 3  ft. 

Limestone  layer 1  ft. 

Wave-marked    layer 1  ft.     3  in. 

Thin   limestones 3  ft. 

Shales  6  ft. 

He'avy  limestone  with  chert. .  9  ft. 


Total   34ft.     9  in. 

The  upper  four  members  of  this  section,  having  a  total  thick- 
ness of  five  and  a  half  feet,  belong  to  the  Oldham  horizon. 
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The  shales  and  thin  limestones,  four  feet  thick,  represent  the 
Plum  creek  section.  Where  the  exposures  are  perfectly  fresh, 
so  that  none  of  the  limestone  layers  have  slumped  down  over 
the  soft  elaySj  the  Plum  creek  section  in  the  neighborhood  of 
Owingsville  is  seen  to  vary  between  seven  and  eight  feet  in 
thickness.  The  layer  of  iron  ore,  two  feet  thick,  includes  at 
its  base  the  ]\'liitficldclla  siibquadrata  section.  Wave-marked 
layers  of  limestone  come  in  at  several  levels  in  the  upper  part 
of  the  Brassfield  bed,  usually  within  four  feet  of  the  iron  ore 
bed,  but  sometimes  immediately  below  the  latter,  and  occasion- 
ally one  of  the  layers  immediately  over  the  iron  ore  bed  is  wave- 
marked.  This  merely  corroborates  the  testimony  furnished  by 
the  pebbles  just  below  the  iron  ore  bed  in  some  parts  of  southern 
Ohio,  that  there  was  shallow  water  during  the  deposition  of  the 
last  parts  of  the  Brassfield  bed  and  during  the  formation  of 
the  Whitfieldetta  and  oolitic  iron  ore  beds.  The  heavy  lime- 
stone with  chert  at  the  base  of  Linne/s  section  forms  the  base 
of  the  Brassfield  bed. 

The  following  fossils  were  identified  as  occurring  in  the 
rocks  associated  with  the  iron  ore,  probably  occurring  chiefly 
at  and  immediately  below  this  horizon:  Zaphren~tis  bilateralis 
(Cyathophyllum  calyculum),  small  short  forms  of  Atrypa  reticu- 
l(i ris  (casts  of  muscular  areas  of  Whitfieldclla) ,  Favosites  niag- 
arensis,  a  short  oval  form  of  Pentamcruv  (Whitfieldclla  subquad- 
rata),  a  Chaetctcs  (some  round-stemmed  bryozoan),  and  large 
numbers  of  crinoid  fragments. 

The  clay  shales  identified  as1  Niagara  in  Bath  county  be- 
long above  the  Oldham  limestone  horizon.  They  are  said  to 
vary  in  thickness  from  twenty  feet  in  the  western  part  of  the 
county  to  100  feet  in  the  'eastern  part.  Linney  states  that 
the  peculiar  features  of  these  shales  in  Bath  county  are  to  be 
seen  also  around  Crab  Orchard,  showing  that  he  recognized  that 
these  clay  shales,  here  identified  as  Niagara,  found  their  equiv- 
alents in  the  clays  above  the  Oldham  horizon  at  Crab  Orchard, 
in  spite  of  the  fact  that  in  Clark  county  and  in  Montgomery  he 
identified  the  Plum  creek  clay  as  Crab  Orchard  and  used  the 
term  Niagara  for  the  Alger  clays  occurring  higher  in  the  series. 
The  presence  of  the  Waco  horizon  is  suggested  by  the  identifi- 
cation of  Rtrombodes  pentacjonus  among  the  few  fossils  occur- 
ring in  these  so-called  Niagara  clays. 
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F.   FLEMING  COUNTY. 

In  the  geology  of  Fleming  county,  published  in  1886,  the 
strata  identified  as  Medina  (belonging  to  the  top  of  the  Ordo- 
vician)  are  said  to  be  twenty  feet  thick.  The  heavy,  cherty 
beds  at  the  base  of  the  strata  identified  as  Clinton,  are  said 
to  be  eight  to  ten  feet  thick.  The  wave-marked  layer,  farther 
up  in  the  series,  is  stated  to  be  very  persistent.  The  iron  ore 
also  is  found  at  several  localities,  although  usually  absent.  The 
strata  identified  as  belonging  to  the  Niagara  group  consist  al- 
most entirely  of  clay  shales,  belonging  to  the  Alger  horizon. 

G.   MASON  COUNTY. 

In  the  report  on  Mason  county,  written  in  1885,  sandy  rocks 
and  clay  shales,  twenty  feet  thick,  and  belonging  near  the  top 
of  the  Ordovician,  are  identified  as  Medina.  The  rocks  identi- 
fied as  Clinton  are  stated  to  have  a  thickness  of  thirty-five  feet. 
These  are  said  to  consist  of  twelve  feet  of  blue  shales  at  the  base 
(forming  the  top  of  the  Ordovician),  eleven  feet  of  limestone, 
the  larger  part  containing  chert,  and  thirteen  feet  of  shales  alter- 
nating with  layers  of  limestone.  The  strata  identified  as  Niag- 
ara consists  of  fifteen  or  more  feet  of  blue  clay  shales,  weathering 
to  a  white  clay  soil;  this  part  of  the  section  probably  belongs 
above  the  Oldham  horizon,  but  represents  only  the  base  of  the 
Alger  formation,  much  greater  thicknesses  of  the  Alger  clay 
being  found  farther  east,  in  the  exposures  in  Lewis  county. 

MARION  COUNTY. 

Linney  correlated  with  the  Crab  Orchard  shales  also  certain 
clay  shales  west  of  the  Cincinnati  geanticline,  to  the  Indiana 
equivalent  of  which  the  name  Osgood  shales  has  been  given. 
In  the  report  on  the  geology  of  Nelson  county,  published  in 
1884,  Linney  refers  to  the  Crab  Orchard  shale  horizon  the  Os- 
good clay  shales  seen  so  well  exposed  near  the  Church  of  the 
Holy  Cross  in  Marion  county,  not  more  than  a  mile  and  a  half 
'east  of  the  Nelson  county  line.  Knott,  in  his  geology  of  Marion 
county,  published  in  1885,  repeated  this  reference  of  the  Os- 
good clays  near  Holy  Cr^ss  Church  to  the  Crab  Orchard  hori- 
zon. In  the  report  on  Oldham  county,  published  in.  1887,  Lin- 
ney does  not  refer  to  the  Crab  Orchard  shales. 
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Beginning  with  his  reports  on  Clark  and  Montgomery  coun- 
ties, written  in  1884,  Linney  appears  to  have  become  so  thor- 
oughly satisfied  as  to  the  Niagara  age  of  the  great  mass  of  clays 
forming  the  upper  part  of  the  Silurian  section  on  the  eastern  side 
of  the  Cincinnati  geanticline,  in  Kentucky,  and  as  to  the  Clinton 
age  of  the  underlying  limestones  and  clays,  that  he  had  no  fur- 
ther use  for  the  term  Crab  Orchard  shales,  and  therefore  aban- 
doned it.  The  most  difficult  thing  to  understand  is  why,  in  the 
reports  on  Clark  and  Montgomery  counties,  he  should  have 
identified  the  Plum  creek  clay  as  Crab  Orchard  shale,  and  have 
made  no  reference  to  the  Crab  Orchard  shale  in  his  description 
of  the  far  greater  mass  of  clay  shales  which  he  identified  as 
.Niagara. 

It  also  is  difficult  to  understand  how  he  secured  some  of 
his  measurements.  In  some  cases  it  is  absolutely  impossible 
to  verify  these.  He  must  merely  have  estimated  these  without 
any  attempt  at  measurement.  Nevertheless,  aside  from  the  re- 
strictions here  made,  Linney  did  a  great  deal  of  faithful  work 
on  the  geology  of  the  limestone,  counties  of  the  middle  portions 
of  Kentucky.  He  was  obliged  to  cover  large  areas  in  a  short 
period  of  time  and  without  the  advantages  offered  by  later  ob- 
servations in  other  parts  of  the  field.  His  reports,  in  spite  of 
all  their  defects,  have  furnished  an  excellent  basis  for  further 
work,  were  a  great  advance  on  anything  done  before  in  the  State, 
and  always  will  stand  as  a  monument  to  his  industry. 


The  Classification  of  Devonian  Rocks. 


DEVONIAN   LIMESTONE. 

Lithologically  the  Devonian  deposits?  of  Kentucky  may  be 
divided  into  two  divisions,  in  descending  order : 

The  Devonian  Black  Shale,  and 

The  Devonian  Limestone. 

The  Devonian  limestone  of  Ohio  is  divided  into  the  follow- 
ing formations,  named  in  descending  order: 

Delaware  limestone, 

Columbus  limestone, 

Unnamed  division,  nearly  unfossiliforons. 
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The  Devonian  limestone  of  western  Kentucky  and  southern 
Indiana  is  divided  into  the  following  formations,  also  named  in 
descending  order : 

Sellersburg  limestone, 

Jeffersonville  limestone, 

Geneva  limestone,  nearly  unfossiliferous. 

FAUNA   OF   DEVONIAN   LIMESTONE. 

A  list  of  the  fossils  found  in  the  Columbus  limestone  within 
twenty-four  miles  of  Columbus,  Ohio,  was  prepared  by  E.  and 
H.  Hyatt  and  published  by  Prof.  E,  P.  Whitfield  in  the  Geology 
of  Ohio,  Vol.  VII,  page  434,  in  1893.  The  fossils  of  the  Jeft'er- 
sonville  and  Sellersburg  formations  were  described  by  E.  M. 
Kindle  in  the  Twenty-fifth  Annual  Report  of  the  Indiana  Sur- 
vey, page  579,  in  1901.  A  study  of  the  brachiopoda  of  these 
faunas  has  suggested  the  following  methods  of  comparison : 

Among  the  species  listed  by  R.  P.  >Y bitfield  as  occurring  in 
the  Columbus  limestone  within  twenty-four  miles  of  Columbus, 
Ohio,  the  following  are  not  cited  from  the  Devonian  of  Louis- 
ville, Kentucky,  or  from  Indiana.  The  range  of  these  species 
outside  of  Ohio  is  indicated  in  ea€h  case. 

Rliynchonella,  ( ? )  raricosta. 

Camarotoechia  billingsi;  New  York,  Ontario. 

Camarotoechia  dotis;  New  York. 

Charionella  scitula;  New  York,  Ontario. 

Spirifer  macrothyris ;  New  York,  Ontario. 

Spirifer  marcyi;  New  York. 

Stropheodonta  inaequiradiata;  New  York,   Canada,   Ne- 
vada. 

Strophcodonta  patersoni:  New  York,  Illinois, 

Strophonella  ampla;  New  York,  Ontario. 

OrtJiothctes  flabellum, 

Orthothetes  pandora;  New  York,  Ontario,  Nevada. 

Schizophoria  propinqua;  New  York. 

Among  the  species  listed  by  R.  P.  YVhitfield  as  occurring  in 
the  Columbus  limestone  within  twenty-four  miles  of  Columbus, 
Ohio,  the  following  are  cited  also  from  the  Jeffersonville  lime- 
stone of  Louisville.  Kentucky,  or  from  Indiana.  The  distribu- 
tion of  these  species  outside  of  Ohio,  Kentucky,  and  Indiana  is 
indicated  in  each  case. 
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Camarotoechia  carol  in  a. 

Eunella  sullicantii;  Ontario,  Canada. 

Spirifer  acuminatus;  New  York. 

Bpirifer  grieri;  New  York. 

Spirifer  manni;  New  York. 

Meristclla  nasuta;  New  York,  Ontario,  Nevada. 

Crania  crenistriata;  New  York,  Michigan. 

Craniella  hamiltoniae;  New  York,  Canada. 

Chonetes  acutiradiatus ;  New  York. 

Chonetes  arcuatus;  New  York. 

Chonetes  t'icinus;  New  York,  Wisconsin,  Nevada. 

Pentanierella  arata;  New  York,  Ontario. 

Among  this  list  the  following  are  cited  from  the  Columbus 
limestone  of  Ohio,  and  from  both  the  Jeffersonville  and  Sellers- 
burg  limestones  at  Louisville,  Kentucky,  or  in  Indiana. 

Camarotoechia  tethys;  New  York,  Ontario,  Nevada. 

Cyrtina  hamiltonensis;  New  Y^ork,  Pennsylvania,  Mary- 
land, Ontario,  Canada,  Iowa,  Nevada. 

Spirifer  fornacula;  Illinois,  Wisconsin. 

Spirifer  segmentum. 

Sjnrifer  varicosus;  New  York,  Canada,  Nevada. 

Dclthyns  raricosta ;  New  York,  Maine,  Ontario,  Gaspe, 
Canada,  Nevada. 

Reticularia  fimbriata;  New  York,  Maryland,  Virginia,  On- 
tario, Canada,  Illinois,  Iowa,  Nevada. 

Nucleospira  concinna;  New  York,  Pennsylvania,  Virginia, 
Ontario,  Nevada. 

Stfropheodonta  demissa;  New  York,  Pennsylvania,  On- 
tario, Canada,  Illinois,  Iowa,  Tennessee,  Wisconsin,  Ne- 
vada. 

Strophcodonta  hemispherica ;  New  York,  Ontario. 

Stropheodonta  perplana,;  New  York,  Pennsylvania,  Mary- 
land, Maine,  Illinois,  Iowa,  Wisconsin,  Nevada,  Ontario, 
Tennessee. 

Pholidostrophia  ioicaensis;  New  York,  Ontario,  Illinois, 
Iowa,  Michigan. 

Chonetes  mucronatus;  New  York,  Ontario,  Gaspe,  Nevada. 

Productella  -spimilicosta :  New  York,  Canada,  Michigan, 
Wisconsin,  Iowa,  Illinois,  Nevada. 


OF  THE 

UNIVERSITY 


82  KENTUCKY   GEOLOGICAL   SURVEY. 

Rhipidomella  vanuxemi;  New  York,  Ontario,  Michigan, 
Iowa,  Illinois,  Tennessee. 

Among  this  list  the  following  species  are  cited  from  the 
Columbus  limestone  of  Ohio,  and  also  from  the  Sellersburi?  lime- 

9  O 

stone  at  Louisville,  or  in  Indiana : 

Tropidoleptus  carinatus;  New  York,  Pennsylvania,  Illi- 
nois. 

Spirifer  duodcnarius ;  New  York,  Ontario. 

Spirifcr  macros-;  New  York. 

Spirifcr  granulosus;  New  York,  Pennsylvania,  Maryland, 
Virginia,  Michigan. 

Roemerella  grandis;  New  York. 

Chonetes  yanch'llanus. 

Rhipidomella  Una;  New  York,  Ontario,  Gaspe. 

Among  the  species1  listed  by  E.  M.  Kindle  as  occurring  in 
the  Jeffersonville  limestone  of  Louisville,  Kentucky,  and  of 
Indiana,  the  following  are  not  recorded  from  the  Columbus 
limestone  at  Columbus,  Ohio.  The  distribution  outside  of  these 
States  is  added. 

Rhynchonella  gainesi-eassensis. 

Rhynchonella  depressa. 

Camarotioechia  congregata;  New  York. 

Camarotoechia  nitida. 

Cyclorhina  nobilis;  New  York,  Ontario. 

Gryptonella  lens;  New  York. 

Cryptonella  ovalis. 

Eunella  harmonia;  Ontario. 

Eunclla  lincklaeni;  New  York,  Michigan. 

Cmnaena  romingeri;  New  York,  Michigan,  Iowa. 

Terebratula  jucunda;  Iowa. 

Atrypa  cllipsoidea. 

Cyrtina  crassa;  New  York. 

Spirifer  davisi. 

Spirifer  grcgarius-greeni. 

Reticiilaria  knappianum. 

Reticularia  wabashensis. 

Meristclla  barrisi;  New  York. 

Crania  grceni. 

Crania  granosa;  New  York. 
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Stropheodonta  plicata;  Ontario,  Iowa. 
OrtJiothetes  arctistriatus;  New  York,  Pennsylvania,  Can- 
ada, Nevada. 
Chonetes  siibquadratiis. 
Productella  semiylobosa. 
Pentamerella  tlmsnelda. 
Camarospira  eucharis;  Ontario. 
Gypidula  romingeri-indianensis. 

The  following1  species  are  listed  both  from  the  Jeffersonville 
limestone  and  from  the  Sellersburg  limestone,  but  are  not  re- 
corded from  the  Columbus  limestone  at  Columbus,  Ohio : 

Rliynchonella  gainesi. 

Rhynclionella  ten uistriata. 

Camarotoechia  sappho;  New  York. 

Cyrtina  hamiltonensis-recta;  New  YTork. 

Spirifer  divaricatus;  Canada,  New  York. 

Spirifer  yrcgarius;  New  York,  Ontario. 

Spirifer  ~byrnesi. 

Ambocoelia  umbonata;  New  York,  Pennsylvania. 

Parazyya  hirsuta ;  New  York,  Canada. 

Athyris  fultonensis;  Missouri,  Iowa,  Michigan,  Manitoba. 

Pentagonia  nnisiilcata;  New  York,  Ontario. 

Strophcodonta  concava;  New  York. 

Stropheodontia  inaeqmstnata;  New  York,  Ontario,  Wis- 
consin. 

Chonetcs  coronatus;  New  York,  Pennsylvania,  Ontario, 
Illinois,  Wisconsin. 

Schizophoria  striatitJa;  New  York,  Wisconsin,  Iowa,  Illi- 
nois, Missouri,  Nevada,  Canada. 

Pentamerella  pavilionensis;  New  YTork. 

The  following  species,  listed  by  E.  M.  Kindle  from  the  Sel- 
lersburg  limestone  of  Louisville,  Kentucky,  and  of  Indiana,  are 
not  recorded  from  the  Columbus  limestone,  at  Columbus,  Ohio : 

Glossina  triangulata. 

Rliynclionella  louisvillensis. 

Centronella  glansfagea;  New  York,  Ontario,  Michigan. 
Atrypa  spinosa;  New  York,  Pennsylvania,  Maryland,  Vir- 
ginia, Ontario,  Canada,  Illinois,  Iowa,  Wisconsin. 
Spirifer  varico&as-lidbbsi. 
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Spirifer  arctiscgmentum;  New  York. 

Spirifer  audaculns;  New  York,  Wisconsin. 

Spirifer  iowacnsis;  Illinois,  Iowa,  Wisconsin. 

Bpirifer  macconatJici. 

Spirifer  pennatu&j  New  York,  Pennsylvania,  Maryland, 

Virginia,  Ontario,  Wisconsin. 

Delthyrls  seulptilis;  New  York,  Pennsylvania,  Ontario. 
Martinia  subuiubona;  New  York. 
Vitulina  pustulosa;  New  York,  Pennsylvania. 
Athi/ris  spiriferoides;  New  York,  Pennsylvania,  Maryland, 

Virginia,  Canada. 

Orbiculodca  doria;  New  York,  Ontario-. 
Crania  sheldoni;  Iowa. 
Chonetes  manitobensis;  Canada. 
Rhipidomclla  leucosia;  New  York,  Maryland. 
Rhipidom cllot  goodwini. 

A  study  of  these  lists  suggests,  in  the  first  place,  that  there 
is1  a  considerable  similarity  between  the  fauna  of  the  Columbus 
limestone  and  that  of  the  Jeffersonville  and  Sellersburg  lime- 
stone. There  is  no  strong1  evidence  of  the  fauna  in  western 
Kentucky  and  southern  Indiana  having  developed  in  a  differ- 
ent basin  from  that  occupied  by  the  fauna  of  the  Columbus 
limestone.  Although  the  Cincinnati  geanticline  during  the  dep- 
osition of  these  limestones  probably  rose  above  the  sea  in  north- 
central  Kentucky  and  southern  Ohio,  there  appears  to  have 
been  free  connection  across  the  more  northern  part  of  the  gean- 
ticline in  central  and  northern  Ohio  and  Indiana.  This  is  in- 
dicated not  only  by  the  similarity  of  the  two  faunas  on  oppo- 
site sides  of  the  Cincinnati  geanticline,  but  also  by  the  great 
outlier  of  Columbus  limestone  in  Logan  county,  Ohio. 

The  Columbus  limestone  includes  the  faunas  of  both  the 
Jeffersonville  and  of  the  Sellersburg  limestone.  Twelve  species 
listed  from  the  Columbus  limestone  are  recorded  only  from  the 
Jeffersonville  limestone,  seven  are  recorded  only  from  the  Sel- 
lersburg  limestone,  while  fifteen  are  recorded  as  common  to 
both  formations.  The  fossils  common  to  the  Columbus  lime- 
stone and  both  to  the  Jeffersonville  and  Sellersburg  formations 
in  general  have  a  wider  geographical  distribution  than  those 
common  only  to  the  Columbus  and  JeffersonvilU1  limestones,  or 
to  the  Columbus  and  Sellersburg  limestones.  By  far  the  greater 
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part  of  the  species  described  from  the  Devonian  limestones  of 
Ohio,  Indiana,  and  western  Kentucky  have  a  geographical  dis- 
tribution extending  northeastward  into  New  York,  and  Ontario. 
Parts  of  the  fauna  reach  Virginia  and  Gaspe.  Parts  reach 
western  Tennessee,  Illinois,  Michigan,  Wisconsin,  and  extend 
northwestward  into  Canada.  In  general  there  appears  no  strong 
evidence  of  a  western  fauna  entering  this  field  from  beyond  the 
Mississippi.  Spirifer  fornacula,  Spirifer  iowacnsls,  Tcrcbra- 
tula  jiicLinda,  Athyrix  fiiltonensis.,  Crania  shcldoni,  and  Chonetes 
mamtobensis  are  among  the  few  fossils  suggesting  the  presence 
of  a  northwestern  fauna. 

Even  in  Indiana,  the  faunas  of  the  Jeffersonville  and  Sellers- 
burg  limestones  are  distinct  only  in  the  more  southern  parts 
of  the  State.  About  thirty-five  miles  north  of  Louisville,  Ken- 
tucky, the  two  formations  show  a  mingling  of  faunas,  which 
becomes  greater  farther  north.  Under  these  conditions  it  is 
not  strange  that  tKe  Columbus  limestone  should  show  the  ele- 
ments of  both  the  Jeffersonville  and  Sellersburg  faunas. 

Of  the  two  formations  recognized  in  Indiana,  it  is  the  Jeffer- 
sonville limestone  which  appears  to  extend  in  greatest  develop- 
ment southward  from  Louisville  to  Lebanon,  Kentucky,  and 
thence  eastward  toward  the  eastern  side  of  the  Cincinnati  gean- 
ticline. This  is  indicated  by  the  great  abundance  of  corals  in 
the  Devonian  limestones  of  Lebanon,  Kentucky,  many  of  which 
are  known  from  the  lower  part  of  the  Jeffersonville  limestone 
at  Louisville.  The  brachiopoda  from  the  vicinity  of  Lebanon 
include  Spirifer  divaricatus,  Spirifer  fornacula,  Spirifer  vuri- 
cosus,  and  Reticularia  fimbriata,  listed  both  from  Jeffersonville 
and  from  the  Sellersburg  limestone;  and  8pirifer  grieri,  Spiri- 
fcr  manni,  Pcntamerclla  arata,  and  Eun-ella  harmonia,  listed 
from  the.  Jeffersonville  limestone,  corroborating  the  Jefferson- 
ville affinities  of  the  Lebanon  fauna. 

From  Lebanon,  Kentucky,  the  Devonian  limestone  may  be 
traced  readily  to  Junction  City  and  eastward.  In  the  Paleon- 
tology of  New  York,  Vol.  VIII,  Hall  and  Clarke  figure  Penta- 
merella  arata.  Spirifer  fornacula  and  Reticularia  fimbriata  oc- 
cur in  the  lower  part  of  the  Devonian  limestone  at  Duffin's  cut> 
along  the  railroad,  north  of  Junction  City. 

No  attempt  has  been  made  as  yet  to  study  the  fauna  of  the 
Devonian  limestone,  east  of  the  Cincinnati  geanticline,  in  Ken- 
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tucky.  In  the  Paleontology  of  New  York,  Vol.  VIII,  Hall  and 
Clarke  describe  Crania  facinvola  from  the  Devonian  limestone 
of  Crab  Orchard.  Pentagonia  unisulcata-f  Atliyris  fultoneiisis, 
Spirifer  varicosus  and  tipirifer  byrnesi  are  abundant  at  various 
localities  near  Crab  Orchard.  Corals  are  abundant  and  include 
many  species.  In  his  Kentucky  Fossil  Corals,  published  in  1885, 
W.  J.  Davis  figures  Michelinia  plana  and  Blothrophijllum  saph- 
rentiforme  from  Crab  Orchard.  In  his  contributions  to  Indiana 
Paleontology,  published  in  1898  and  1904,  G.  K.  Greene  records 
BlothrophyHum  honyhtoni  and  Heliopliylhun  osculatum  from 
Crab  Orchard.  Btothropliyllum  cinctutum,  Michdiiiia  insignis, 
Fav-o sites  placenta,,  and  Tracliypora  ornata  occur  in  this  vicin- 
ity. The  great  abundance  of  corals  suggests  the  presence  of  the 
Jeffersonville  fauna  here.  There  is  a  sufficient  number  of  fossils 
here  to  determine  the  horizon  definitely  as  soon  as  time  can  be 
found  for  careful  collecting. 

In  the  vicinity  of  Moberly,  Spirifcr  fornacula  occurs.  Near 
Indian  Fields,  Sfiropheodonta  concava  and  Phacops  rana  are 
found.  Along  the  railroad,  half  a  mile  west  of  Clay  City,  Reti- 
cularia-  fimbriata-  is  seen.  The  Devonian  limestone  may  be 
traced  from  Crab  Orchard  northeastward  as  far  as  Olympia 
Springs,  in  Bath  county.  Both  the  Jeffersonville  and  Sellers- 
burg  faunas-  may  be  present  in  this  area,  but,  at  present,  not 
enough  is  known  to  determine  the  horizon,  although  the  numer- 
ous corals'  at  some  localities  suggest  the  presence  of  the  Jeffer- 
sonville horizon  at  least.  In  the  absence  of  diagnostic  fossils 
it  is  a  waste  of  time  to  theorize,  but  these  fossils  can  be  ob- 
tained and  eventually  the  relationship  of  these  Devonian  lime- 
stones of  east-central  Kentucky  will  be  known. 

The  long  gap  between  the  exposures  of  'Devonian  limestone 
in  Bath  county,  Kentucky,  and  Pickaway  coupty,  Ohio,  a  dis- 
tance of  almost  100  miles,  prevents  the  use  of  any  stratigraphic 
methods  of  determining  the  relationship  of  the  Devonian  strata 
of  east-central  Kentucky  with  those  of  Ohio.  It  is  not  unlike- 
ly that  the  Devonian  areas  of  eastern  Kentucky  and  of  Ohio 
are  connected,  but  the  overlap  of  the  Devonian  Black  shale 
probably  has  covered  up  the  connecting  belt  of  strata,. 

E.  M.  Kindle  has  correlated  the  Jeffersonville  limestone  with 
the  Corniferous  or  Onondaga  formation,  and  the  Sellersburg 
limestone  with  the  Hamilton  formation  of  New  York.  The 
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Sellersburg  limestone,  however,  contains  a  considerable  admix- 
ture of  Onondaga  forms,  although  traces,  at  least,  of  the  Ham- 
ilton fauna  are  discovered. 


Fossils  Cited  by  Linney  from  Devonian  Limestones  of 
Eastern  Kentucky. 


Linney  correlated  the  Devonian  limestones)  east  of  the  Cin- 
cinnati geanticline  with  the  Corniferous  of  New  York.  In  his 
report  on  Lincoln  county  he  cites  from  the  waste  of  this  lime- 
stone the  following  species : 

Zaphrentis  cormculum,  Lesueur  (=Cyathophyllum  cor- 

niculum). 

Zaphrentis  gigas  (=gigantea,  Lesueur). 
Zaphrentis  rafinesquii,  Edwards  and  Haime. 
Cyathophijllum  halli  (=Heliophyllum  halti,  Edwards  and 

Haime). 

Pliillipmstrea  gigas,  Owen. 
Cystiphyllum  americanum,  Edwards  and  Haime. 
Spirifer  oweni  (=granulosus,  Conrad). 
Spirifer  unibonata  (=Ambocoelia  umbonata,  Conrad). 

From  the  Corniferous  of  Garrard  county  Linney  cites: 

Zaphrentis  gigantea,  Lesueur. 

Zaphrentis  proliferum    (=prolifica,  Billings  ?). 

Heliophyllum  halli,  Edwards  and  Haime. 

Blothrophyllum  decorUcatum,  Billings. 

Cystiphyllum  americanum,  Edwards  and  Haime. 

J'hillipsastrea  gigas,  Owen. 

Orthis  vanuxemi   (— Rhipidomella  vanuaemi,  Hall). 

ISpirifer  oweni  (=gramilosus,  Conrad). 

Atrypa  reticularis,  Linnaeus. 

Platyceras  ventricosum,  Conrad. 

In  the  report  on  Clark  county  are  cited: 

Zaphrentis  corniculum,  Lesueur    (  =  Cyathophyllum  cor- 

niculum). 

Heliophyllum  halli,  Edwards1  and  Haime. 
Phillipsastrea  gigas,  Owen. 
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From  the  Corniferous  of  Montgomery  county  Linney  cites : 

Zaphrentis  gigas  (=yiyantea,  Lesueur). 
Zaphrentis  proliferum  (=prolifica,  Billings  ?). 
Cyathophyllum  halli  (=Heliopliyllum  halli,  Edwards  and 

Haime) . 

AmplexuS'  yandelli,  Edwards  and  IJaime. 
Phillipsastrea  gigas,  Owen. 
JStrombodes  knotti,  Davis. 

Cystiphyllum  americanum,  Edwards  and  Haime. 
Favosites  epidermatus,  Rominger. 
Favosites  limitaris,  Rominger. 

From  the  Corniferous  of  Bath  county  Linney  cites: 

Zaphrentis  proliferum  (=prolificay  Billings  ?). 
Zaphrentis  rafinesquii,  Edwards  and  Haime. 
Oy&thophyttum  gigas  (= Zaphrentis  gigantea,  Lesueur). 
Cyathophyllum  yuvene,  Rominger. 
CyatliopTiyllum  halli  (=Heliophyllum  halli,,  Edwards  and 

Haime). 

Amplexus  yandell'i,  Edwards  and  Haime. 
Blothrophyllum   americamim    (=Cystiphyllum    amcrica- 

num  ?}. 

Chonophyllum  gigas  (= Zaphrentis  gigantea  f). 
Phillipsastrea  gigas,,  Owen. 
Favosites  limitaris,  Rominger. 
Favosites  troosti,  Edwards  and  Haime. 

From  the  ore  banks,  north  of  Preston  in  Bath  county,  where 
the  Devonian  limestone,  the  Corniferous  of  Linney,  has  been 
replaced  in  part  by  iron  ore,  Linney  cites  the  following-  species : 

Orthis  vanuxemi   (Rhipidomella  vanuxemi,  Hall). 

Spirifer  oweni  (=granulosus ,  Conrad). 

Spirifer  raricostatus  (=Delthyri3  raricostata,  Oonrad). 

ISpirifcr  unibonata  (=Ambocoelia  umbonata,  Conrad). 

Atrypa  reticularis,  Linnaeus. 

Athyris  spiriferoides,  Eaton. 

Spirifer  gran/idosus  and  Athyris  spiriferoides  occur  in  the 
Sellersburg  limestone  in  Indiana.  Drlthyris  raricostata,  Am- 


KENTUCKY   GEOLOGICAL   SURVEY.  89 

bococlia  umbonata,  and  Rhipidomella  vanuxemi  are  found  both 
in  the  Jeffersonville  and  Sellersburg  beds.  The  preponderance 
of  corals  is  noteworthy. 


Variations  in  Thickness  of  Devonian  Limestone  in  East 
Central  Kentucky. 


The  Devonian  limestone  varies  considerably  in  thickness. 
One  of  the  thickest  sections  is  exposed  at  the  western,  end  of 
Crab  Orchard,  north  of  the  railroad,  where  it  is  nineteen  feet 
thick.  Two  miles  west  of  Crab  Orchard,  along-  the  railroad,  it 
is  sixteen  and  a  half  feet  thick.  Two  miles  southwest  of  Crab 
Orchard,  on  the  Chapel  Gap  road,  it  is  eleven  feet.  Three  and 
a  half  miles  west  of  Crab  Orchard,  on  the  county  road,  it  is 
eight  and  a  half  feet  thick.  Four  miles  west  of  Crab  Orchard, 
on  the  Cox  Gap  road,  the  thickness  is  eleven  and  a  half  feet. 
About  half  a  mile  northwest  of  the  last  locality,  it  is  six  and  a 
half  feet.  About  a  quarter  of  a  mile  farther  west,  the  thick- 
ness may  be  five  feet,  but  only  two  feet  four  inches  are  exposed. 
The  same  may  be  said  of  an  exposure  a  quarter  of  a  mile  far- 
ther west.  A  short  distance  farther  west,  five  miles  from  Crab 
Orchard,  the  clay  resulting  from  the  decay  of  the  Devonian 
limestone  suggests  a  thickness  of  only  one  foot.  Farther  west, 
as  far  as  the  Neal  Creek  church  exposure,  the  Devonian  ap- 
pears absent.  These  observations  indicate  an  irregular  thin- 
ning of  the  Devonian  limestone  section  from  Crab  Orchard 
westward  as  far  as  Neals  Creek  church. 

Northwestward,  toward  Junction  City,  there  is  an  irregular 
thickening  of  the  Devonian  limestone.  At  the  'Duffin  cut,  north 
of  Junction  City,  the  thickness  is  eighteen  feet.  Thick  sections 
of  Devonian  limestone  occur  also  southwest  of  Stanford.  About 
five  miles  southwest  of  Hustonville,  at  the  store  owned  by  E. 
H.  Kidd,  the  total  Devonian  limestone  section  has  the  remark- 
able thickness  of  forty-seven  feet.  Further  study  should  be 
given  this  section,  «ince  here  some  of  the  layers  poorly  repre- 
sented in  the  thinner  sections  are  likely  to  be  represented  by 
thicker  beds  or  by  a  series  of  layers. 

East  of  Crab  Orchard  the  Devonian  limestone  section  ap- 
pears to  be  thinner,  the  recorded  measurements  varying  from 
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fourteen  to  fifteen  and  a  half  feet.  But  farther  east,  if  the  De- 
vonian limestone  were  exposed,  it  might  be  found  that  thicker 
sections  occurred  again.  The  well  record  near  Mullins  Station, 
in  Rockcastle  county,  suggests  a  thickness  of  twenty  feet. 

Another  thick  section  of  Devonian  limestone  occurs  three 
miles  southwest  of  Cartersville,  where  the  road  to  Crab  Orchard 
crosses  the  headwaters  of  Harmon  creek.  Here  the  Devonian 
limestone  is  seventeen  feet  thick.  Half  way  between  this  local- 
ity and  Crab  Orchard  the  thickness  of  the  Devonian  limestone 
is  only  six  feet,  so  that  the  Devonian  limestone  appears  to  be- 
come thinner  from  both  areas  toward  this  middle  region.  With 
the  exception  of  the  exposure  near  the  headwaters  of  Harmon 
creek,  the  various  recorded  sections  of  the  Devonian  limestone 
between  Lancaster  and  Berea  vary  from  eleven  to  thirteen  feet. 
Possibly  the  Devonian  limestone  thins  out  northward  in  this 
area,  but  if  this  is  the  case  no  evidence  of  such  thinning1  ha  a 
been  discovered  as  yet,  except  along-  the  railroad  north  of  B'erea. 
Here,  directly  north  of  Berea,  the  thickness  of  the  Devonian 
section  is  thirteen  and  a  half  feet.  Four  miles  north  of  Berea 
it  is  reduced  to  three  inches. 

Evidences  of  thinning  are  seen  also  in  going  from  Berea 
northeast,  toward1  Bobtown.  In  the  vicinity  of  Bobtown,  and 
from  this  region  for  at  least  three  miles  toward  the  east  and 
northeast,  the  thickness  of  the  Devonian  limestone  is  reduced 
to  about  one  foot  or  less,  except  at  the  Mat  Moody  store,  a  mile 
and  a  quarter  toward  the  southeast  of  Bobtown.  Here  the  thick- 
ness of  the  Devonian  limestone  is  at  least  four  feet  four  inches, 
again  suggesting  an  irregular  thinning  of  the  Devonian  lime- 
stone toward  the  north. 

Farther  northeast  the  Devonian  limestone  section  thickens 
again.  Between  Berea  and  Brassfield  it  varies  between  five 
and  seven,  feet.  Near  Rice  Station  it  shows  the  remarkable 
thickness  of  twenty-one  and  twenty-three  feet,  in  large  part 
due  to  the  introduction  of  great  quantities  of  chert.  Near 
Irvine  the  Devonian  limestone  sections  do  not  appear  to  ex- 
ceed eleven  feet,  but  thicker  sections  are  suggested  by  some 
of  the  well  records  east  of  Irvine. 

Northwest  of  Rice  Station  several  thick  sections  of  Devonian 
limestone  are  known.  West  of  Cobb  ferry  it  is  twenty-one  and 
a  half  feet  thick.  A  mile  and  a  half  farther  west,  at  the  head 
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of  Falling  branch,  the  thickness  is  at  least  eighteen  feet.  South- 
west of  Elliston  it  is  nearly  sixteen  feet.  These  observations 
indicate  a  thinning-  of  the  Devonian  limestone  southwestward 
from  Rice  Station  and  Moberly  toward  Bobtown  and  Whites. 
Great  variations  in  thickness  are  noted  between  Elliston  and 
Cobb  ferry.  Near  Waco  the  Devonian  limestone  does  not  ex- 
ceed five  feet. 

Thick  sections  are  exposed  also  near  College  Hill,  and  far- 
ther northward,  on  the  road  to  Jackson  ferry.  At  the  more 
northern  localities  some  of  the  measurements  indicate  thick- 
nesses of  seventeen  feet  and 'more. 

Northeast  of  a  line  connecting  Rice  Station,  Cobb  ferry,  and 
Jackson  ferry,  the  thickness  of  the  Devonian  diminishes  again. 
Near  Vienna,  measurements  of  eight  and  eleven  feet  are  re- 
corded. At  Log  Lick  and  northward  the  thicknesses  vary  be- 
tween five  and  seven  feet.  Half  a  mile  south  of  Indian  Fields 
it  is  six  feet.  Locally  it  is  less,  A  quarter  of  a  mile  south 
of  Indian  Fields,  for  instance,  it  is  two  feet  and  a  half.  Be- 
tween Indian  Fields  and  Clay  City  most  of  the  sections  of  De- 
vonian limestone  vary  between  four  and  a  half  and  seven  feet, 
but  about  three  and  a  half  miles  west  of  Clay  City,  between 
Hudson  mill  and  Snow  Creek  church,  there  is.  a,  section  in 
which  the  Duffin  layer  alone  has  a  thickness  of  nine  feet,  and 
the  underlying  cherty  Devonian  limestone  also  is  known  to 
have  considerable  thickness. 

A  mile  northeast  of  Indian  Fields  the  thickness  of  the  De- 
vonian limestone  varies  between  eight  and  ten  feet.  Between 
these  localities  and  Spencer  no  sections  thicker  than  three  feet 
have  been  found  so  far,  and  between  Levee  and  Jeffersonville 
are  several  localities  where  the  thickness  is  less  than  two  feet. 
At  Spencer,  sections,  nine  and  twelve  feet  thick  are  known. 
A  mile  south  of  Preston  there  is  a  section  eight  feet  thick.  Two 
miles  east  and  west  of  this  locality  the  thickness  does  not  ex- 
ceed three  feet* 

From  the  preceding  observations  it  may  be  seen  that  the 
Devonian  limestone  varies  considerably  in  thickness  when 
traced  along  the  line  of  outcrop  in  east-central  Kentucky.  In 
certain  areas  it  appears  to  become  thinner  on  approaching  the 
Cincinnati  geanticline,  but  if  this  thinning  be  general  it  is 
too  irregular  readily  to  be  detected  along  the  greater  part  of 
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the  comparatively  narrow  belt  of  exposures.  Possibly  the  al- 
ternate thickening  and  thinning  of  the  Devonian  limestones 
when  traced  along  the  belt  of  exposures  is  due  to.  the  former 
presence  of  a  series  of  minor  folds,  subsidiary  to  the  great  Cin- 
cinnati geanticline,  and  more  or  less  transverse  to  the  eastern 
slope  of  the  latter.  A  greater  number  of  observations  are  needed 
to  decide  thisi  matter.  Possibly  the  records  of  wells  bored  for 
the  purpose  of  securing  oil  may  in  the  course  of  time  yield  val- 
uable evidence.  At  present  these  records  often  are  very  mis- 
leading. 


Minor  Subdivisions  of  Devonian  Limestone  in  East- 
Central  Kentucky. 

No  careful  study  of  the  fauna  of  the  Devonian  limestone  of 
eastern  Kentucky  has  been  attempted  so  far,  nor  has  any  at- 
tempt been  made  to  determine  how  far  the  stratigraphic  units 
present  in  different  sections  may  be  traced.  Two  layers,  how- 
ever, have  attracted  attention  on  the  part  of  all  observers,  and 
will  receive  special  consideration  in  the  following  discussion. 
One  of  these  occurs  at  the  base  of  the  series  of  Devonian  lime- 
stones, and  the  other  is  found  at  the  top.  The  first  is  char- 
acterized by  the  presence  of  fish  remains,  the  latter  often  has 
a  brecciated  appearance,  and  here  is  called  the  Duffin  layer. 
The  relative  position  of  these  layers  may  be  indicated  as  follows: 

'  Duffin  layer,  usually  several   feet  thick,   often 

appearing  brecciated. 
Devonian    or    Boyle  Limestone,   sometimes   richly   fossiliferous    and 

limestone -I          often    cherty,    usually    forming   by    far    the 

greater  part  of  the  Devonian  limestone  sec- 
tion. 
Kiddville  layer,  thin  layer  "with  fish  remains. 

The  middle  part  of  the  Devonian  section  often  contains  great 
quantities  of  chert.  This  is  true  especially  in  the  neighborhood 
of  faults.  In  some  localities,  for  instance  near  Rice  Station, 
the  quantity  of  chert  exceeds  the  quantity  of  original  Devonian 
limestone.  At  some  localities,  where  the  Devonian  limestone 
is  very  thick,  for  this  part  of  Kentucky,  very  little  chert  or 
none  at  all  is  found  in  the  limestone,  so  that  the  distribution 
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of  the  chert  appear?  to  be  quite  irregular.  All  of  this  chert 
appears  to  be  the  result  of  segregation,  most  of  the  silica  prob- 
ably being  derived  from  the  decay  of  overlying  strata,  and  being 
carried  in  by  percolating  waters.  Where  rocks  were  more  or 
less  breccia  ted,  the  opportunity  for  the  accumulation  of  chert 
seems  to  have  been  much  increased. 

KIDDVILLE  LAYER  WITH  FISH  REMAINS. 

At  the  Duffln  cut,  three  quarters  of  a  mile  north  of  the  rail- 
road crossing  at  Junction  City,  the  entire  thickness  of  the  De- 
vonian limestone  is  fully  eighteen  feet.  The  lowest  layer,  two 
feet  six  inches  thick,  consists  of  dense,  light  grey  limestone. 
One  specimen  of  Reticularla  fimbriata,  and  several  large  mark- 
ings known  as  Taonurus  caudagalli,  occur  near  the  base.  Fish 
teeth  are  found  within  an  inch  of  the  base.  Specimens  of 
Taomirus  caudagalli,  occur  also  at  higher  horizons  in  the  De- 
vonian limestones  of  Kentucky.  For  instance,  a  little  over  two 
miles  southeast  of  Crab  Orchard,  where  the  Devonian  limestone 
is  about  fourteen  feet  thick,  the  lower  part  of  the  exposure,  four 
feet  thick,  contains  small  Spirifers  and  other  brachiopoda,  while 
the  immediately  overlying  layers  contain  the  Taonurus  cau- 
dagalli markings. 

Four  miles  north  of  Berea,  and  half  a  mile  south  of  White 
station,  the  Devonian  limestone  is  reduced  to  only  three  inches 
in  thickness,  consists  of  blue,  argillaceous,  gritty  limestone, 
and  contains  fish  remains.  A  mile  and  a  half  farther  south,  the 
layer  with  fish  remains  is  only  one  inch  thick;  but  it  is  overlaid 
by  Devonian  limestone,  two  feet  four  inches  thick,  and  by  the 
cherty  Duffin  layer,  which  was  not  measured.  Nearer  Berea 
the  total  thickness  of  the  Devonian  limestone  is  thirteen  feet 
six  inches.  At  the  localities  between  Berea  and  Whites  there 
are  found  both  fish  teeth  and  the  tuberculated  plates,  which 
have  been  referred  by  Linney  and  Knott  to  Macropetaliclithys, 
but  which  have  not  been  carefully  studied  as  yet  by  those  con- 
versant with  fossil  fish  faunas.  In  the  area  extending  from  the 
locality  half  a  mile  south  of  Whites  station  to  the  localities 
about  three  miles  almost  directly  east  of  Bobtown,  the  thickness 
of  the  Devonian  limestone  frequently  is  less  than  one  foot.  At 
the  most  eastern  locality  in  this  area,  at  the  headwaters  of 
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Drowning  creek,  it  varies  between  two  and  six  inches  or  may 
be  entirely  absent;  traces  of  fish  remains  are  found. 

A  mile  and  a  half  east  of  Moberly,  on  the  western  side  of 
Muddy  creek,  southwest  of  Elliston,  the  thickness  of  the  De- 
vonian limestone  appears  to  be  fifteen  feet  eight  inches.  The 
lowest  layer  consists,  of  gray,  well-bedded,  sandy  limestone,  two 
feet  thick,  overlaid  by  an  equal  thickness  of  similar  rock;  be- 
tween these  layers  of  limestone  there  is  a  thin  film  of  rock  con- 
taining fish  teeth  and  small  black  nodular  particles.  Wherever 
these  nodular  particles  occur,  careful  search  will  usually  result 
in  the  discovery  of  fish  remains,  and  hi  this  connection,  there- 
fore, it  is  of  interest  to  note  that  in  the  area  between  Whites 
and  the  localities  three  miles  east  of  Bobtown,  where  the  thick- 
ness of  the  Devonian  limestone  is  so  much  reduced,  the  black 
nodular  particles  are  rather  common,  and  the  rock  is  decidedly 
sandy. 

Along  the  exposures  extending  from  a  quarter  of  a  mile  south 
of  Indian  Fields  up  a  small  stream  to  the  rear  of  the  home  of 
John  Goff,  the  layer  with  fish  remains,  both  teeth  and  tubercu- 
lated  plates,  occurs.  Directly  south  of  Indian  Fields,  the  layer 
containing  fish  remains  is  about  a  foot  thick,  and  quite  sandy. 
The  total  thickness1  of  the  Devonian  limestone  is  about  two  and 
a  half  feet.  North  of  the  home  of  John  Goff  the  Devonian  lime- 
stone section  is  fully  six  feet  thick.  The  lowest  layer,  five 
inches  thick,  contains  fish  remains  and  the  tiny  black  nodular 
particles.  The  overlying  layer  of  ferruginous  brown  limestone, 
eleven  inches  thick,  contains  fish  plates.  This  is  followed  by 
sandy  rotten  stone,  one  foot  six  inches  thick.  About  a  mile 
east  of  Indian  Fields,  at  the  Hollywood  or  Stuart  mill,  where 
the  Devonian  limestone  is  ten  feet  thick,  the  lowest  layer  con- 
sists of  reddish  brown  limestone,  four  feet  four  inches  thick, 
with  Phacops  rana.  This  layer  is  believed  to  correspond  to  the 
reddish  brown  limestone  with  tuberculated  fish  plates  found 
north  of  the  home  of  John  Goff.  Above  this  horizon  at  the  Hol- 
lywood locality  is  found  a  sandy  rock,  one  foot  nine  inches  thick, 
containing  the  tiny  black  nodules  and  the  fish  remains.  Half  a 
mile  southeast  of  the  Hollywood  mill,  at  the  spring  north  of 
the  home  of  Will  Lawrence,  north  of  the  oil  spring,  fish  re- 
mains occur  at  the  base  of  the  Devonian  section,  in  a  crumbling 
layer  four  inches  thick.  The  overlying  massive  limestone,  three 
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feet  four  inches  thick,  is  believed  to  correspond  to  the  layer 
with  tuberculated  plates  occurring  north  of  the  home  of  John 
Goff.  The  overlying  layer  is  one  foot  three  inches  thick,  and 
is  shaly  rock.  The  total  thickness  of  the  'Devonian  limestone 
here  is  nearly  nine  feet.  A  mile  and  a  half  southeast  of  Indian 
Fields,  at  the  Eastin  mill,  and  several  miles  down  stream  at 
the  Abbott  mill,  the  fish  layer  occurs  again,  at  the  base  of  the 
Devonian  limestone.  It  is  found  at  the  base  of  the  Devonian 
limestone  also  half  a  mile  west  of  the  bridge  at  the  western  end 
of  Clay  City,  along-  the  railroad;  two  miles  southwest  of  Clay 
City,  at  Tipton  Ferry;  at  both  localities  in  sandy  limestone 
about  half  a  foot  thick. 

About  a  mile  south  of  Preston,  east  of  a  small  branch  enter- 
ing1 Mill  creek  from  the  west,  the  thickness  of  the  Devonian 
limestone  is  fully  eight  feet.  The  layer  with  fish  remains  oc- 
curs at  the  base  of  the  Devonian  section  and  is  only  three  inches 
thick.  A  magnificent  exposure  of  the  layer  with  fish  remains 
occurs  about  a  mile  west  of  Preston,  along  the  railroad. 

Eight  miles  east  of  Owingsville,  in  the  extreme  western  part 
of  Rowan  county,  northwest  of  Moore's  ferry,  a  layer  of  lime- 
stone, thirteen  inches  thick,  containing  Taonurus  caiulagalU, 
occurs  at  or  near  the  base  of  the  Devonian  black  shale.  The 
rock  has  a  grayish  color  and  apparently  belongs  to  the  base  of 
the  Black  shale  series  rather  than  to  the  Devonian  limestone 
series  of  more  southwestern  exposures  in  Kentucky. 

In  the  Linney  reports  on  the  geology  of  the  various  counties 
bordering  central  Kentucky,  the  layer  with  fish  remains  is  re- 
ferred to  the  Oriskany.  In  his  report  on  Lincoln  county  the 
following  section  is  published  from  a  locality  above  the  junc- 
tion of  Flax  or  Flades  creek  with  Dix  river,  described  in  de- 
scending order: 

Heavy  corniferous  limestone  layer 33  in. 

Covered  space 12  in. 

Drab    sandstone 12  in. 

Rock  weathering  to  olive  shale 16  in. 

Sandstone  with  cauda-fjaUi  fucoids 3  in. 

Sandstone  with  cattd<i-u<tUi  fucoids 20  in. 

Magnesian  limestone 2  in. 

Magnesian  limestone 27  in, 

Crab  Orchard  shale. 
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The  magnesian  limestone  at  the  base  of  the  section  is  said 
to  contain  a  Spirifer  two  and  a  half  inches  in  length.  This 
Spirifcr  must  be  one  of  the  Devonian  species,  no  Spirifer  of 
this  description  being  known  in  the  Silurian  of  Kentucky  or 
neighboring  States.  The  large  Spirifcr  mentioned  by  Linney 
may  be  the  same  as  a  species  three  and  a  half  inches  in  length 
along  the  hingeline  which  occurs  at  the  western  end  of  Crab 
Orchard,  north  of  the  railroad,  about  three  feet  above  the  base 
of  the  Devonian  limestone.  Unfortunately,  no  attempt  was 
made  to  cut  the  specimens  out  of  the  rock  and  therefore  the 
species  can  not  be  identified  at  present.  The  layers  with 
Taonurus  caudagalli  occur  two  and  a  half  feet  above  the  base 
of  the  Devonian  according  to  the  published  section.  There  can 
hardly  be  any  question  of  the  Devonian  age  of  the  magnesian 
limestone  layers  in  the  Linney  section  in  view  of  the  fact  that 
near  the  home  of  Mr.  Howard,  north  of  the  railroad,  two  miles 
east  of  Crab  Orchard  and  only  a  mile  and  a  quarter  southeast 
of  the  locality  descrjjbtd,  there  is  an  exposure  at  which  layers 
containing  Taonurus  caudagaUi  are  underlaid  bv  limestone  four 
feet  thick,  containing  undoubted  Devonian  brachiopods.  The 
so-called  sandstones  of  Linney's  section  are  gray  limestones. 
These  he  correlates  with  similar  rocks  at  the  base  of  the  De- 
vonian section  in  Boyle  and  Marion  counties  containing  spines, 
teeth,  and  plates  of  large  fishes.  The  tuberculated  plates  he 
identifies  with  the  genus  Macro pctalicliilnjs,  and  states  that  the 
rocks  here  described  might  represent  both  the  Oriskany  sand- 
stone and  the  Cauda-galli  grit  of  New  York. 

In  the  report  on  Clark  county,  Linney  refers  to  the  Oriskany 
a  layer  of  stone  about  one  foot  thick,  nearly  white  where  ex- 
posed in  the  bed  of  creeks,  but  of  a  rather  dull,  dirty  blue  when 
broken,  containing  in  the  lower  part  bones,  spines,  plates,  and 
teeth  of  fishes,  most  of  which  had  been  ground  into  pebbles  be- 
fore they  were  left  to  be  consolidated  into  rock.  Some  of  the 
small  teeth,  however,  are  whole,  and  the  tubercles  on  some  of 
the  plates  are  well  preserved.  At  some  localities  the  layer  with 
fish  remains  is  chiefly  a  limestone;  at  (.thers  it  contains  enough 
silicious  matter  to  rank  as  a  sandstone.  The  presence  of  the 
single  layer  of  rock  containing  fish  remains  and  Taonurus 
cauda-galli  is  noted  also  in  the  report  on  Montgomery  county, 
under  the  name  Oripkany  sandstone.  In  the  report  on  Bath 
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county  the  layer  with  fish  remains  is  stated  to  be  present  in 
Marion,  Boyle,  Lincoln,  Garrard,  Madison,  Clark,  Montgomery, 
and  Bath  counties.  It  is  described  as  consisting  usually  of  a 
single  layer  of  dirty,  bluish  grey,  tough  stone,  containing  sand, 
lime,  and  alumina,  and  marked  by  Taonurus  cauda-yalH.  In 
the  lower  part,  at  nearly  every  exposure,  it  contains  quantities 
of  the  remains  of  bones,  fins,  and  teeth  of  fish,  with  phosphatic 
nodular  masses  which  may  have  been  the  excrement  of  the  same 
form  of  life.  Rarely  a  few  casts  of  shells  are  seen,  among  others, 
a  well  preserved  cast  of  Conularia.  This  layer  usually  has  a 
thickness  of  twelve  to  eighteen  inches,  but  at  some  points  in 
Bath  county,  according  to  Linney,  rises  to  a  thickness  of  about 
three  feet. 

DUFFIN  LAYEU. 

In  the  report  on  Lincoln  county,  Lincey  describes  the  Duffin 
layer  as  follows.  In  Lincoln,  and  to  some  extent,  in  Boyle 
county,  there  is  to  be  seen  a  very  peculiar  rock,  varying  from 
two  indies  to  twelve  feet  in  thickness,  at  times  having  very 
much  the  appearance  of  a  breccia.  This  rock  has  a  massive 
gray  base,  and  at  some  localities  apparently  fragments  of  a 
brown  rock  are  distributed  through  it  irregularly.  At  other 
localities,  the  brownish  particles  do  not  appear  to  have  resulted 
from  brecciation,  but  from  the  alteration  of  fossils.  It  is  doubt- 
ful Avhether  any  part  of  this  rock  is  brecciated.  The  layer  is 
well  exposed  in  the  railroad  cut  near  McKinney's  station  and 
in  the  cut  near  Junction  City,  on  the  edge  of  Boyle  county.  A 
fragment  sent  to  Dr.  Robert  Peter  was  described  by  him  as  a 
dark  gray,  fine-grained  rock,  mottled  with  whitish  and  light- 
yellowish  gray  spots  of  various  sizes  and  shapes;  containing 
small  cavities,  some  lined  with  small  quartz  crystals,  some 
filled  with  calcite  and  containing  semi-opal.  The  rock  contains 
bituminous  matter,  the  irregular  infiltration  of  which  has 
caused  some  of  the  mottling.  In  the  report  on  Garrard  county,- 
the  Duffin  layer  is  described  as  appearing  as  though  it  had  been 
made  of  the  broken,  angular  pieces  of  j-jome  rocks,  cemented  in 
a  base  having  another  shade  of  color,  but  Linney  states  that 
he  found  it  impossible  to  determine  whether  the  rock  was  a 
true  breccia,  or  whether  the  brecciated  appearance  resulted 
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from  the  alteration  and  removal  of  fossils.  In  the  report  on 
Clark  county,  the  Duffin  layer  is  called  the  brecciated  layer. 
In  the  report  on  Montgomery  county  it  is  stated  that  the  layer 
resembling-  a  breccia  is  rarely  seen.  No  mention  is  made  of 
the  Duftin  layer  at  any, of  the  localities  farther  north. 

The  typical  exposure  occurs  at  the  Duftiu  cut  (See  Fig.  2, 
Plate  8),  three  quarters  of  a  mile  north  of  Junction  City.  Here 
the  Duffin  layer  forms  the  top  of  the  Devonian  limestone  sec- 
tion. The  rock  weathers  to  a  brownish  color,  and  the  weathered 
surface  shows  some  small  quartz  concretions.  The  layer  con- 
tains a  few  criiioid  stems  and  corals,  and  also  some  fucoidal 
markings.  It  is  six  feet  thick,  the  thickness  of  the  entire  sec- 
tion of  Devonian  limestone  being  about  eighteen  feet. 

About  six  miles  east  of  Junction  City,  and  three  and  a  half 
miles  northwest  of  Stanford,  the  D tiffin  layer  is  nearly  six 
feet  thick.  About  a  mile  west  of  Stanford,  at  the  Buffalo  spring, 
the  Duffin  layer  is  at  least  five  feet  thick,  and  the  Devonian 
section  is  at  least  eleven  feet  thick.  Thirteen  miles  southeast 
of  Stanford,  on  the  Cox  Gap  road,  the  top  of  the  Devonian  lime- 
stone has  a  brecciated  appearance.  A  little  over  two  miles  west 
of  Crab  Orchard,  along  the  railroad,  the  thickness  of  the  Duffin 
layer  is  two  and  a  half  feet.  At  the  western  end  of  Crab  Orchard, 
north  of  the  railroad,  the  brownish  rock,  considered  equiva- 
lent to  the  Duffin  layer,  is  eight  inches  thick.  Similar  rock 
is  poorly  exposed  at  the  home  of  Bill  Monk,  a  little  over  a  mile 
southeast  of  the  railroad  station  at  Crab  Orchard,  north  of  the 
railroad.  A  mile  and  a  quarter  north  of  the  center  of  Crab 
Orchard,  on  the  Lancaster  road,  the  Duffin  layer  is  four  indies 
thick. 

About  three  miles  northeast  of  Crab  Orchard,  and  a  quarter 
of  a  mile  south  of  Fall  Lick  creek,  the  Duffin  layer  is  four 
inches  thick.  About  two  and  a  half  miles  south  of  Ilammack, 
south  of  Harmon  creek,  the  thickness  of  the  brownish  rock, 
which  may  represent  the  Duffin  layer,  is  one  foot.  Beneath  this 
rock  is  a  thin  streak  of  black  shale,  overlying,  in  descending 
order,  limestone,  six  feet  thick;  soft  rock,  weathering  back, 
five  and  a  half  feet  thick;  and  bluish  argillaceous  rock,  four 
and  a  half  feet  thick;  a  total  of  seventeen  feet  of  rock  belonging 
to  the  Devonian  limestone  section.  Two  miles  southeast  of 
Ilammack  the  Duffin  layer  is  eight  feet,  thick;  two  miles  north- 
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west  of  Hammack,  on  the  road  to  Point  Leavell,  it  is  five  and. 
a  half  feet  thick ;  three  and  a  half  miles  southeast  of  Lancaster, 
on  the  road  to  Hammack,  it  is  five  and  a  half  feet  thick.  Three 
quarters  of  a  mile  east  of  Cartersville,  where  the  rock  is  much 
disturbed,  the  thickness  appears  to  be  eleven  feet,  and  seems 
to  include  all  of  the  Devonian  limestone  at  this  point.  Two 
miles  northeast  of  the  last  locality,  near  the  home  of  Charles 
Baker,  the  Duffin  layer  is  four  feet  thick,  and  the  entire  thick- 
ness of  the  Devonian  limestone  appears  to  be  about  eleven  feet. 
About  a  mile  east  of  the  last  locality,  three  miles  southwest  of 
Berea  station,  the  Duffin  layer  is  five  and  a  half  feet  thick; 
it  contains  fragments  of  crinoid  stems  and  cyathophylloid  cor- 
als. The  total  thickness  of  the  Devonian  limestone  is  twelve 
and  a  half  feet. 

Half  a  mile  north  of  Berea  station  the  Duffin  layer  is  five 
feet  thick.  It  is  exposed  again  about  a  mile  farther  north. 
Brecciated  appearing  rock  occurs  near  the  bridge  over  the  rail- 
road at  Brassfield ;  it  is  a  foot  and  a  half  thick,  the  total  thick- 
ness of  the  Devonian  limestone  being1  seven  feet.  Three  quar- 
ters of  a  mile  southwest  of  Rice  Station  the  Devonian  limestone 
section  appears  to  be  twenty-three  feet  thick;  at  the  top  is  a 
brownish  layer,  four  feet  thick,  which  appears  to  be  equivalent 
stratigraphically  to  the  Duffin  layer.  Nearer  Rice  Station  this 
brownish  limestone  is  only  one  foot  four  inches  thick. 

East  of  Moberly,  immediately  southwest  of  Elliston,  the 
Duffin  layer  is  two  and  a  half  feet  thick.  West  of  Cobb  ferry 
the  'Duffin  layer  has  the  brecciated  appearance,  is  five  feet  thick, 
and  contains  fragments  of  crinoid  stems  and  Parasites,  with 
some  chert  at  the  base.  Three  miles  north  of  College  Hill,  where 
the  Devonian  limestone  section  is  fully  twenty  feet  thick,  a 
brownish  layer  of  rock,  which  may  be  the  equivalent  of  the 
Thiffin  layer,  appears  at  the  top  of  the  section.  It  is  one  foot 
thick,  -and  separated  by  black  shale,  nine  inches  thick,  from 
brownish  rock,  three  feet  thick,  containing  abundant  specimens 
of  Taonurus  caudagaUi.  The  top  of  the  cherty  layers  is  one  foot 
three  inch  PS  lower  down.  The  layer  with  Taonurus  caudagaUi 
found  in  the  extreme  western  part  of  Rowan  county  probably 
is  to  be  correlated  with  this  upper  Taonurus  horizon  rather 
than  with  the  louver  horizon,  near  the  base  of  the  series  of  De- 
vonian limestones,  near  Crab  Orchard. 
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Three  quarters  of  a  mile  southeast  of  Vienna,  near  the  home 
of  James  Stone,  the  Duffln  layer  is  five  feet  thick.  Southwest 
of  Vienna,  near  the  home  of  Old  Jones  Finnell,  the  top  of  the 
Devonian  limestone  section  consists  of  hard  brown  limestone, 
five  feet  three  inches  thick,  underlaid  by  brecciated  appearing 
rock,  one  foot  thick;  soft  rock,  one  foot  thick,  and  cherty  lime- 
stone, six  feet  thick.  This  position  of  the  brecciated  appearing 
layer  is  unusual.  Near  Log  Lick  church  the  Dufftn  layer  is 
two  feet  thick.  A  mile  northward,  at  the  J.  T.  Elkins  locality, 
it  is  replaced  by  argillaceous  rock,  three  feet  thick.  Between 
Arlen  and  Rightangle  the  Devonian  exposures  are  five  feet  thick; 
the  greater  part  of  the  rock  has  a  brecciated  appearance,  but 
the  lower  part,  eighteen  inches  thick,  contains  considerable 
chert.  Three  and  a  half  miles  west  of  Clay  City,  on  the  road 
from  Hudson's  mill  to  Snow  creek  church,  the  argillaceous  rock 
at  the  top  of  the  Devonian  limestone  section  is  nine  feet  thick, 
contains  Devonian  brachiopods,  and  appears  brecciated  only  at 
the  base,  in  this  respect  resembling  the  exposure  southwest  of 
Vienna. 

The  Duffin  layer  is  exposed  northwest  of  Indian  Fields, 
along  the  railroad.  At  the  oil  spring,  southeast  of  the  hotel, 
about  a  mile  northeast  of  Indian  Fields,  the  brecciated  appear- 
ing layer  is  one  foot  thick  and  is  separated  from  the  underlying 
solid,  light  brown  limestone  by  black  shale,  two  inches  thick. 
The  overlying  rock,  ten  inches  thick,  is  similar  in  general  ap- 
pearance, but  does  not  show  the  brecciated  feature ;  farther  up, 
the  rock  is  more  shaly  and  graduated  into  the  black  shale  series. 
At  the  Hollywood  or  Stuart  mill,  the  Duffin  layer  is  one  foot 
eight  inches  thick.  At  the  spring  near  the  home  of  Will  Law- 
rence, it  appears  to  be  nearly  four  feet  thick.  East  of  Spencer, 
west  of  Slate  creek  bridge,  the  Duffin  layer  is  one  foot  six  inches 
thick  and  is  overlaid  by  brownish  limestone,  four  feet  three 
inches  thick,  which  does  not  have  the  brecciated  appearance.. 
About  a  mile  south  of  Preston,  east  of  a  small  branch  entering 
Mill  creek  from  the  west,  the  top  of  the  Devonian  limestone 
section  consists  of  brownish  rock,  two  feet  six  inches  thick,  with 
traces1  of  the  brecciated  appearance. 

The  list  of  localities  here  given  is  sufficient  to  show  the  very 
general  distribution  of  the  "Duffin  layer.  During  the  progress 
of  the  field  work  it  was  noted  that  the  Duffin  layer  sometimes 
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presented  the  breceiated  appearance  and  sometimes  not.  Un- 
fortunately, the  recorded  notes  do  not  indicate  with  sufficient 
exactness)  the  degree  of  brecciation  suggested  by  different  ex- 
posures, nor  attempt  a  very  exact  correlation  of  the  breceiated 
appearing  layer  with  those  not  showing  this  feature,  but  which 
probably  belong  to  the  same  horizon.  Hence  one  of  the  series 
of  observations  necessary  for  a  solution  of  the  problem  as>  to  the 
breceiated  appearance  of  the  Duffin  layer  is  not  at  hand.  Care- 
ful study  does1  not  warrant  the  opinion  that  the  small  angular 
appearing  particles,  seen  in  the  otherwise  homogeneous  appear- 
ing rock,  are  fragments  of  some  earlier  rock,  broken  up  and 
washed  in  from  some  outside  source.  As  far  as  present  obser- 
vations go,  the  breceiated  appearance  is  seen  best  near  lines 
of  faulting,  though  present  in  rocks  at  some  distance  from 
faults. 

Possibly,  in  the  processes  of  folding  and  faulting,  long  after 
the  deposition  of  the  overlying  rocks,  there  was  a  slight  shift- 
ing of  layers  over  one  another.  Such  a  shifting  of  layers  may 
have  caused  the  contorted  appearance  of  certain  layers  in  the 
Cynthiana  or  Point  Pleasant  formation,  in  the  Garrard  bed,  and 
in  the  so-called  mudstones  (Tate)  of  Mason  county,  belonging  to 
the  Pairrnount  bed.  In  the  case  of  the  Duffin  layer  this  motion 
of  layers  over  one  another  may  have  resulted  in  an  irregular  dis- 
tribution of  pressures  within  the  rock,  which  at  first  did  not 
reveal  itself  in  any  manner,  neither  by  a  system  of  cracks  nor 
by  differences  of  color.  But  in  the  course  of  time  certain  par- 
ticles were  affected  slightly  differently  chemically  than  others, 
this  difference  finally  leading  to  the  differences  in  color  now 
observable  between  the  apparent  fragments  and  the  enclosing- 
general  body  of  the  rock.  It  must  be  acknowledged,  however, 
that  it  is  difficult  to  determine  how  such  an  interpretation  can 
be  made  to  explain  the  differences  in  chemical  composition 
shown  by  the  analyses  furnished  by  Professor  Peter,  since,  ac- 
cording to  these  analyses,  the  proportion  of  silica  and  alumina 
is  twice  as  great,  and  the  proportion  of  ferrous  iron  is  less,  in 
the  gray  component  of  the  Duffin  layer  than  in  the  white  com- 
ponent, while  the  proportion  of  other  ingredients  is  about  the 
same. 
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THE  DEVONIAN  BLACK  SHALES. 

Near  Columbus,  Ohio,  and  northward,  the  Ohio  black  shale 
is  underlaid  by  the  greenish  Olentangy  shale.  In  the  northern 
part  of  that  State  the  Ohio  shale  is  divided  into  the  following 
subdivisions,  named  in  descending  order: 

Cleveland  shale, 
Chagrin  formation, 
Huron  shale. 

Until  more  is  known  of  the  paleontology  of  these  divisions 
in  northern  Ohio,  it  is  idle  to  attempt  to  determine  whether 
the  Devonian  black  shale  of  Kentucky  includes  elements  of  all 
three  of  these  subdivisions  or  whether  it  is  to  be  correllated 
with  only  one  of  them.  There  is  no  doubt  of  the  rapid  decrease 
in  thickness  of  the  Black  shale  formation  on  going  southward 
into  Kentucky.  It  is  stated  by  Prof.  Charles  S.  Prosser  that 
the  top  of  the  Ohio  shale  in  southern  Ohio  corresponds  with 
the  top  of  the  Cleveland  shale,  and  that  Andrew1^  Ohio  shale 
is  equivalent  to  the  Huron,  TErie  (Chagrin  formation),  and 
Cleveland  shales  of  Dr.  Newberry  in  northern  Ohio.  This  state- 
ment suggests  a  similar  view  of  the  Devonian  black  shale,  at 
least  in  northern  Kentucky.  Farther  southward,  where  the 
shale  becomes  more  attenuated,  it  is  probable  that  one  or  more 
of  these  divisions,  or,  at  least,  considerable  portions  of  them, 
may  be  found  absent. 

VARIATIONS  Ix  THICKNESS  OF  BLACK  SHALE. 

South  of  Lebanon,  the  thickness  of  the  Devonian  Black 
shales  is  forty-one  feet.  At  Junction  City,  southwest  of  the 
Duffin  cut,  the  aneroid  barometer  indicated  a  thickness1  of  about 
sixty  feet>  but  this  instrument  is  known  not  to  be  strictly  re- 
liable. Two  and  a  half  miles  west  of  B'erea  the  recorded  meas- 
urements indicate  a  thickness  of  eighty-five  feet,  but  there  is 
no  means,  at  present,  of  determining  the  amount  of  dip. 
South  of  Indian  Fields  the  thickness  is  127  feet.  Northeast 
of  Indian  Fields,  about  a  mile,  the  thickness  is  125  or  130  feet. 

The  well  records  in  Powell  county  suggest  thicknesses  of  125 
to  135  feet.  The  well  records  in  Menefee  county  indicate  thick- 
nesses varying  from  135  to  160  feet.  In  the  extreme  eastern 
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edge  of  Bath  county,  iii  the  Ragland  field,  even  greater  thick- 
nesses are  indicated.  From  the  records  of  about  fifty  wells, 
J.  B.  Hoeing  estimates  the  average  thickness  of  the  Devonian 
black  shale  at  205  feet* 

Mr.  Hoeing  gives  the  following  estimated  thicknesses  of  the 
"Devonian  black  shale  on  going  from  Bath  county  westward, 
these  estimates  being  derived  from  the  outcrops  :* 

Bath  county 135  ft. 

Montgomery    county 110  ft. 

Clark  county 100  ft. 

Powell  county 100  ft. 

Estill   county 100  ft 

Garrard   county 50  ft.  Estimate  too  small. 

Marion  county 60  ft. 

Nelson  county 50  ft. 

Larue  county 65  ft. 

Bullitt  county 70  ft. 

Jefferson  county 100  ft. 

These  estimates  indicate  a  general  thinning  of  the  Devonian 
Black  shale  southward.  From  Marion  county  this  southward 
thinning  continues  as  follows: 

Marion  county 60  ft. 

Casey  county 45  ft. 

Russell    county 40  ft. 

Clinton   county 30  ft. 

Cumberland  county -25  ft. 

Monroe   county 20  ft. 

This  thinning  of  the  Black  shale  continues  southwestward 
through  Tennessee.  Along  the  Harpeth  river,  southwest  of 
Nashville,  the  thickness  is  about  twenty  feet.  Farther  south 
the  measurements  usually  varv  between  five  and  eight  feet, 

t/  e-  o  7 

and  in  some  of  the  more  southern  areas  the  Devonian  black 
shale  is  entirely  absent. 

The  Devonian  black  shale  thins  also  westward.  Mr.  J.  B. 
Hoeing,  however,  publishes  certain  measurements  secured  from 
well  records,  which,  if  corroborated  by  the  diamond  drill,  in- 
dicate a  thickening  of  a  very  unexpected  kind  west  of  the  Cin- 
cinnati geanticline,  in  Kentucky  at  least.  These  records  are 
as  follows:* 


*  The  Oil  and  Gas  Sands  of  Kentucky,  Kentucky  Geological  Survey,  Bulletin  No.  1,  1904. 
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Breckenridge  county 95  ft. 

Hart  county 105  ft. 

Warren  county 90  ft. 

When  it  is  considered  that  in  the  neighborhood  of  Cumber- 
land City,  in  northwestern  Tennessee,  the  Devonian  black  shale 
is  only  about  ten  feet  thick,  and  that  in  western  Illinois,  in 
Jersey  county,  north  of  St.  Louis,  only  traces  are  left,  the  im- 
portance of  these  statements  by  Mr.  Hoeing  will  be  evident. 
In  some  parts  of  Union  county,  in  southern  Illinois,  Black 
shale,  fifty  to  seventy  feet  thick,  is  recorded  by  Worthen. 

In  the  "Fluor  Spar  Deposits  of  Southern  Illinois,"  published 
in  1905,  H.  Foster  Bain  states  that  the  Black  shale  near  Hicks, 
in  Hardin  county,  Illinois,  the  third  county  east  of  Union 
county,  is  at  least  fifty  feet  thick,  and  that  probably  one  hun- 
dred feet  or  more  are  present. 

Nothing  is  known  at  present  of  the  thickness  of  the  Devoni- 
an black  shale  in  the  area  between  southern  Illinois  and  Breck- 
enridge, Hart,  and  Warren  counties,  in  Kentucky. 

The  Black  shale  is  the  great  knob  formation  of  Kentucky. 
All  around  the  Ordovknan  and  Silurian  area  of  central  Ken- 
tucky it  produces  the  numerous  steep  rounded  hills  here  known 
as  the  knobs.  The  abrupt  change  from  the  fertility  of  the  Ordo- 
vician  and  SiLurian  areas  to  the  comparative  barrenness  of  the 
knobs  is  noticed  even  by  the  most  careless  observer.  In  Ohio, 
drain  pipes  have  been  burned  from  the  clays  resulting  from  the 
decay  of  the  Black  shale.  At  some  localities  a  deep  red  brick 
has  been  obtained. 

BASE  OF  BLACK  SHALE  SECTION. 

Sandy  rock,  six  inches  thick,  appears  at  the  base  of  the  Black 
shale  section,  five  and  a  half  miles  southwest  of  Berea  station. 
At  Abbott's  mill,  two  and  a  half  miles  south  of  Indian  Fields, 
the  top  of  the  Devonian  limestone  shows  worm  borings.  North 
of  the  home  of  John  Goff,  half  a  mile  south  of  Indian  Fields, 
a  sandy  rock  with  worm  borings  appears  at  the  base  of  the 
Black  shale  section. 

At  some  localities  a  thin  streak  of  Black  shale  is  seen  be- 
tween a  layer  of  brownish  rock,  believed  to  belong  to  the  Duffln 
horizon,  at  the  top  of  the  Devonian  limestone  section,  and  the 
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immediately  underlying  main  body  of  Devonian  limestones. 
Such  a  section  may  be  seen  five  and  a  half  miles  northeast  of 
Crab  Orchard,  along  the  headwaters  of  Harmon  creek.  Another 
exposure  occurs  three  miles  north  of  College  Hill,  where  the 
road  to  Union  City  turns  off  toward  the  southwest.  At  the  Oil 
spring,  southeast  of  the  hotel,  a  mile  northwest  of  Indian  Fields, 
a  layer  of  black  shale,  two  inches  thick,  occurs  beneath  the 
strongly  brecciated  appearing  layer;  the  underlying  part  of 
the  Devonian  limestone  at  this  locality  is  only  fourteen  inches 
thick.  The  section  a  hundred  yards  northeast  of  the  hotel  is 
quite  different  in  appearance. 

At  quite  a  large  number  of  localities,  the  base  of  the  Black 
shale  series,  instead  of  being  very  black,  and  fissile,  is  dark 
gray  in  color,  at  least  when  weathered;  it  is  more  indurated, 
less  fissile,  less  carbonaceous,  less  fine-grained,  and  breaks  in 
more  irregular  lumps.  This  more  argillaceous  phase  at  the 
base  of  the  Devonian  B'lack  shale  is  only  four  inches  thick  four 
miles  southwest  of  Berea.  Similar  rock  occurs  at  the  base  of 
the  Black  shale  series  one  mile  south  of  Bobtown.  A  mile  and 
a  quarter  southeast  of  Bobtown,  at  Mat  Moody's  store,  it  is 
one  foot  four  inches  thick.  Half  a  mile  north  of  Mat  Moody's 
store  it  is  four  feet  thick.  Two  and  a  half  miles  north  of  the 
store  it  is  two  and  a  half  feet  thick.  Three  miles,  east  of  Bob- 
town  the  argillaceous  rock  is  four  feet  thick,  and  is  separated 
from  the  underlying  Devonian  limestone  by  a  thin  streak  of 
Black  shale.  West  of  the  railroad  station  at  Irvine,  argillaceous 
rock  occurs  in  the  lower  six  feet  of  the  section.  The  lower  part 
of  the  Black  shale  series  is  more  indurated,  and  has  a  grayish 
color  immediately  west  of  Rice  Station  and,  again,  three 
quarters  of  a  mile  farther  west. 

South  of  Waco,  the  Devonian  limestone  is  overlaid  by  gray- 
ish, more  indurated  rock,  one  foot  three  inches  thick;  black 
shale,  six  feet  three  inches'  thick,  with  a,  grayish  indurated  layer 
in  the  middle;  and  another  indurated  argillaceous  rock  layer, 
six  inches  thick,  followed  by  the  great  mass,  of  fissile  black 
shales.  A  mile  and  a  quarter  northeast  of  Waco,  at  the  Moore 
Spring,  the  Devonian  limestone  is  overlaid  by  argillaceous  in- 
durated grayish  shale,  eleven  feet  six  inches  thick;  more  solid 
argillaceous  shale,  three  feet  thick;  softer  argillaceous  shale, 
three  feet  thick;  more  solid  argillaceous,  grayish  rock,  nine 
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inches  thick ;  graduating  into  the  fissile  black  shale  above.  This 
is  the  thickest  section  of  indurated  clay  rock  and  irregular  more 
massive  grayish  shale  known  at  the  base  of  the  Black  Shale 
section.  A  part  of  this  indurated  shale  resembles  considerably 
some  of  the  so-called  Waverly  shales  in  southern  Kentucky, 
where  this  part  of  the  section  is  not  represented  by  soft  clays, 
but  by  more  indurated  clay  shales  or  shaly  rocks.  Somewhat 
similar  shaly  clay  rocks  occur  three  miles  north  of  College  Hill. 

Three  and  a  half  miles  west  of  Clay  City,  between  the  Hud- 
son mill  and  Snow  creek  church,  argillaceous  clay  rock,  nine 
feet  thick,  occurs  at  the  base  of  the  Black  shale  series;  the 
lower  part  is  brecciated,  the  argillaceous  rock  gradually  merg- 
ing into  the  brecciated  base.  Northeast  of  Indian  Fields,  at 
the  spring  near  the  home  of  Will  Lawrence,  lenticular  layers 
of  the  clay  rock  appear  in  the  lower  part  of  the  Black  shale 
series,  and  are  overlaid  by  the  main  body  of  fissile  black  shales. 
At  the  Eastin  mill,  farther  north,  the  lower  part  of  the  Black 
shale  series  consists  of  black  shale  interbedded  with  more  or 
less  clay  rock. 

A  mile  southwest  of  Jeffersonville,  a  hard  argillaceous  rock 
layer  appears  five  and  a  half  feet  above  the  base  of  the  Black 
shale;  the  undertying  part  of  the  Black  shale  series  has  the 
usual  black  color.  Similar  rock  is  found  in  the  lower  part  of 
the  Black  shale  series  northwest  of  Jeffersonville. 

From  the  preceding  notes  it  may  be  seen  that  in  many  parts 
of  east-central  Kentucky  the  Devonian  Black  Shale  series  be- 
gins with  a  lighter  colored  and  more  massive  rock,  varying  from 
a  few  inches  to  a  few  feet  in  thickness.  It  is  less  impregnated 
"with  carbonaceous  matter  and  not  so  fine  grained  as  the  black 
fissile  shales  forming  almost  all  of  the  remainder  of  the  Black 
shale  section. 

West  of  Rice  Station,  the  top  of  the  Devonian  limestone  is 
overlaid  by  shale,  some  of  it  black,  and  some  more  gray  in  color 
and  more  indurated.  The  thickness  of  this  basal  part  of  the 
Black  shale  section  varies  between  thirteen  and  eighteen  and 
a  half  feet.  Overlying  this  is  a  solid  argillaceous  limestone, 
two  feet  thick,  containing  Devonian  cyathophylloid  corals, 
Atrypa  rcflicularis,  and  other  shells  not  collected  or  identified. 
Clayey  layers  occur  interbedded  in  the  overlying  part  of  the 
Black  shale  series  for  a  distance  of  about  seven  to  ten  feet.  In 
some  cashes  these  clavev  lavers  are  indurated  into  clav  rock. 
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According  to  the  well  records,  in  the  eastern  part  of  Bath 
county,  the  hard  Devonian  limestone  is  overlaid  by  about  twelve 
feet  of  rock  described  as  a  brown  shale,  and-  this,  in  turn,  by 
clayey  material,  six  to  eight  feet  thick,  described  as  white  fire- 
clay. The  interpretation  of  this  part  of  the  section  requires 
further  study.  In  the  meantime  it  may  be  of  interest  to  note 
that  greenish  clay  shale,  five  and  a  half  feet  thick,  occurs  at 
various  localities  along  Fox  creek,  in  the  eastern  part  of  Flem- 
ing county.  It  is  well  exposed  between  Fox  Spring  and  Muse's 
Mills.  In  this  case  it  is  underlaid  by  massive  rock,  crinoidal 
in  part,  decreasing  in  thickness  from  nhie  feet  at  the  Fox  Spring- 
to  three  feet  at  the  Muse's  Mills.  Underlying  this  limestone, 
the  age  of  which  has  not  been  determined,  is  the  top  of  the 

Crab  Orchard  clay  section. 

• 

NOTES  BY   LlNNEY  ON  THE  DEVONIAN    BLACK   SHALES. 

Linney  states  in  his  report  on  Lincoln  county,  that  in  in- 
stances limestones  are  formed  locally  in  the  Black  shale.  The 
surfaces  of  some  of  the  plates  are  wave-marked.  The  base  of 
the  section,  in  some  places,  contains  quartz  grains.  Iron  pyrites 
is  common  throughout  the  entire  series.  Sea-plant  impressions 
are  common  features  at  some  horizons.  That  the  Black  shale 
is  bituminous,  and  that  efforts  have  been  made  at  various  times 
to  secure  oil  and  coal  from  it  is  well  known.  In  the  report  on 
Garrard  county  Linney  states  that  two  inches  of  worthless 
asphaltum  coal  were  noticed  not  far  from  Dripping  Springs. 
At  the  base  of  the  Black  shale  here  there  occur  some  rounded 
grains  of  transparent  quartz  sand.  Higher  up,  patches  of  yel- 
low sand  are  seen,  and  marks  of  plants  are  not  uncommon. 
Small  species  of  Lingnla  and  Discina  are  often  found.  The 
Black  shale  finds  very  extensive  use  as  a  road  ballast,  and  forms 
good  roads,  especially  during  the  summer  time.  In  the  report 
on  Clark  county  Linney  alludes  to  the  presence  of  oil  in  springs 
issuing  from  the  Black  shale,  due  to  the  bituminous  material 
in  the  shale;  also,  to  the  frequency  with  which  copperas  occurs, 
due  to  the  destruction  of  the  iron  sulphide,  or  iron  pyrites,  so 
abundant  in  some  sections. 

Along  Copperas  creek,  near  the  junction  of  Clark  and  Powell 
counties,  very  exceptional  conditions  were  noted.  Only  a  few 
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feet  above  the  base  of  the  Black  shale  series,  interbedded  with 
the  Black  shale,  occurs  locally  a  layer  of  stone,  distinctly  wave- 
marked.  Five  feet  farther  up  occurs  a  layer  of  phosphatic  sand- 
stone, two  inches  thick.;  This  layer  is  composed  of  small  round- 
ed grains  of  hyaline  quartz,  and  contains  fragments  of  spines, 
teeth,  and  bones  of  small  fishes.  A  few  feet  farther  up  occurred 
a  layer  of  clay,  ten  or  twelve  inches  thick.  The  immediately 
overlying  layers  of  slate  for  several  inches  were  covered  with 
the  impressions  of  several  species  of  plants.  Some  of  these  were 
land  plants  of  the  genus  Lepidodendron.  Several  feet  farther 
up  there  was  seen  at  several  places  a  layer  of  crystallized  dolo- 
mite, two  inches  thick.  At  another  locality,  sandy  concretions, 
over  a  foot  thick,  were  found.  At  still  another  locality  there 
was  a  thin  layer  of  asphaltum  coal.  At  one  locality  on  Copperas 
creek,  only  a  few  hundred  yards  from  Eastin's  mill,  there  is  a 
larger  amount  of  iron  pyrites  in  the  Black  shale  than  at  any 
other  known  locality  in  the  field.  Its  decay  gives  rise  to  cop- 
peras in  such  quantities  that  no  fish,  cray-fish,  worm,  or  bug 
is  seen  in  its  waters. 

In  the  report  on  Bath  county,  Linney  emphasizes  the  barren 
character  of  the  soils  produced  by  the  decay  of  the  Black  shales. 
The  shale  breaks  up  into  thin,  fissile,  ash-colored  fragments 
when  exposed  for  a  long  time.  These  crumble  into  small  thin 
plates,  that  creep  down  steep  slopes,  and  leave  the  hillsides  al- 
most bare  of  earth.  These  particles  weather  into  cold,  stiff 
clays,  forming  poor  soils.  Attention  is  called  to  the  mineral 
springs  caused  by  the  decomposition  of  the  materials  in  the 
Black  shale.  Near  Young's  Springs,  and  at  several  other  places, 
were  seen  two  layers  of  blue  clay,  sixteen  to  twenty-four  inches 
in  thickness,  which  are  regarded  as  possibly  the  thin  southern 
equivalent  of  the  Erie  shale  of  Ohio.  In  the  earlier  part  of  this 
bulletin,  the  Erie  shale  is  called  by  the  name  introduced  by 
Professor  Prosper,  of  the  Ohio  Geological  Survey,  the  Chagrin 
formation.  If  this  identification  by  Linney  can  be  established, 
the  measured  sections  near  Indian  Fields  suggest  a  thicknesst 
of  seventy-five  to  eighty-two  feet  for  the  Huron  shale;  five  and 
a  half  to  fifteen  feet,  a  very  indefinite  amount,  for  the  Chagrin 
formation ;  and  thirty-five  to  forty  feet  for  the  Cleveland  shale. 
According  to  this  interpretation,  the  huge  fish  remains  on  Cop- 
peras creek  should  fall  within  the  Huron  shale,  but  these  local- 
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ities  have  not  been  visited,  and  therefore  the  position  of  the 
fish  remains  with  reference  to  the  clay  layers  here  discussed 
can  not  be  certified. 

In  the  report  on  Fleming  county,  Linney  states  that  the 
blue  clay  shales  identified  with  the  Erie  shales  (Chagrin  forma- 
tion) appear  to  have  increased  in  having  come  northeast  from 
Bath  county. 

GREENISH  CLAYS  ABOVE  MIDDLE  OF  BLACK  SHALE  SECTION. 

The  Black  shale  section  usually  consists  of  an  almost  uni- 
form series  of  thin,  black,  fissile  shales.  At  some  localities, 
however,  a  few  thin  soft  greenish  clay  layers  are  intercalated 
at  various  intervals.  North  of  the  home  of  John  Goff,  half  a 
mile  southwest  of  Indian  Fields,  several  of  these  layers,  eight 
inches  thick,  are  interbedded  with  the  Black  shales,  between 
eighty-two  and  eighty-eight  feet  above  the  base  of  the  section. 
Similar  greenish  clay  layers  occur  between  ninety  and  one 
hundred  and  five  feet  above  the  base  of  the  Black  shale  section, 
west  of  the  Oil  Springs  Hotel,  northeast  of  Indian  Fields. 
Along  the  road  between  Indian  Fields  and  Clay  City,  these 
greenish,  soft  clay  layers  intercalated  with  the  Black  shales 
are  exposed  by  the  creek  along  which  the  road  passes. 

West  of  Rice  Station,  along  the  railroad  between  Richmond 
and  Irvine,  copperas  oozes  out  of  the  Black  shale,  sixty  feet 
above  the  base  of  the  section.  The  greenish  clays  noted  be- 
tween Indian  Fields  and  Clay  City  should  occur  farther  up. 

Greenish  clays  are  exposed  at  quite  a  large  number  of  locali- 
ties in  the  Black  shale  section,  but  it  has  not  been  determined, 
as  yet,  even  whether  these  clays  are  found  at  approximately  the 
same  horizon  or  not.  The  chief  interest  in  these  clays  lies  in 
the  possibility  of  their  being  southern  representatives  of  the 
Chagrin  horizon  of  northern  Ohio.  At  present  there  is  no  evi- 
dence in  favor  of  such  an  interpretation.  Several  notes  on 
these  clays  are  recorded  in  the  preceding  section  of  this  bulletin. 

PHOSPHATIC  NODULES  AT  BASE  OF  WAVERLY  SECTION. 

At  the  top  of  the  Black  shale  section,  forming  the  base  of 
the  Waverly  series,  phosphatic  nodules,  light  gray  or  purplish 
in  color,  are  widely  distributed.  Near  Junction  City  these 
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nodules  often  are  two  and  three  inches  in  length,  are  very  abun- 
dant, and,  although  most  abundant  at  the  very  base  of  the 
Waverly  series,  occur  also  one  or  two  feet  above  the  same. 
Farther  northeast,  these,  nodules  usually  are  smaller,  less  abun- 
dant, and  occur  only  at  the  very  base  of  the  Waverly.  Five  and 
a  half  miles  southwest  of  Berea  station  these  nodules  are  one 
to  two  inches  in  length.  Small  phosphatic  nodules  occur  at  the 
top  of  the  Black  shale  series  also  northwest  of  Indian  Fields, 
on  the  top  of  the  hill  crossed  by  the  road  to  the  Oil  Springs. 
Two  and  a  half  miles  southeast  of  Levee,  there  appears  to  be 
a  continuous  layer  of  this  purplish  phosphatic  rock,  varying 
between  a  foot  and  a  foot  and  a  half  in  thickness.  Nothing 
similar  has  been  found  anywhere  else  in  the  field.  Along  the 
Cumberland  river,  in  southern  Kentucky,  these  phosphatic  nod- 
ules often  are  four  inches  in  length,  and  sometimes  attain  diam- 
eters of  six,  and  even  eight,  inches. 

The  phosphatic  nodules  often  are  i'ossiliferous.  A  consid- 
erable fauna  could  be  collected  by  cracking  open  great  numbers 
of  them,  and  at  some  localities  these  nodules  are  very  abundant. 

Phosphatic  deposits  usually  suggest  segregation  during  a 
period  of  weathering  and  erosion.  The  base  of  the  Devonian 
limestone  section  often  contains  considerable  phosphatic  ma- 
terial, more  than  is  accounted  for  by  the  presence  of  the  fish 
teeth  and  scales.  In  that  case  a  period  of  erosion  preceding  the 
deposition  of  the  Devonian  limestone  is  easily  credible,  consid- 
ering the  distinct  unconformity  between  the  base  of  the  De- 
vonian limestone  and  the  top  of  the  underlying  Silurian  clays 
and  limestones.  But  in  the  case  of  the  phosphatic  nodules  at 
the  base  of  the  Waverly,  such  an  unconformity  has  not  been 
made  out  as  yet. 

From  the  phosphatic  nodules  at  Junction  City  the  following 
crustaceans  have  been  described:  Ceratiocaris  (Colpocaris) 
~bradlc)ji,  C,  cli/troides,  Ceratiocaris  (Rolcnocaris)  strigata,  and 
ArcJtacocaris  vermiformis ;  all  by  Meek. 

FOSSILS  OF  THE  DEVONIAN  BLACK  SHALES. 

In  the  Report  on  the  Geology  of  Lincoln  County,  published 
in  1882,  Linney  states  that  Dado.Ti/lon  new'berryi,  Dawson,  part 
<of  the  trunk  of  a  large  species  of  tree,  is  represented  by  many 
remains  in  a  silicified  condition,  in  Lincoln  and  neighboring 
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counties.  In  addition  to  this  are  mentioned  Discina,  Lingula, 
and  other  shells;  fish  remains,  including  spines  of  Ctenacanthus. 
The  presence  of  Lingula  and  Discina  in  the  Black  shales  is 
mentioned  again  in  his  report  on  Garrard  county.  Linney  notes 
the  presence  of  Dadoaeyloti  neicberryi,  Dawson,  also  in  Clark 
county. 

In  the  report  on  Clark  county,  published  in  1884,  Linney 
refers  to  a  layer  containing  Lepidodcndron  in  the  Black  shale 
series,  along  Copperas  creek,  near  the  junction  of  Clark  and 
Powell  counties.  His  statements  on  the  stratigraphical  posi' 
tion  of  this  plant  bed  have  been  quoted  in  the  immediately  pre- 
ceding part  of  this  bulletin.  In  addition  to  Lepidodendron,  as 
identified  by  Linney,  this  layer,  several  inches  thick,  contains 
also  leaves  eight  to  ten  inches  long,  said  by  Linney  to  resemble 
our  common  flags.  These  plant  remains  occur  in  immense 
numbers.  Above  these  layers,  and  in  one  instance  also  below, 
were  scattered  nodules  in  a  very  promiscuous  manner.  These 
consisted  of  accretions  of  fossils  replaced  by  iron  pyrites. 
Among  these  fossils  the  genera  Bellerophon-  and  Orthoceras 
were  identified.  Two  feet  farther  up  were  found  the  remains 
of  two  individuals  of  a  very  large  fish,  imbedded  in  the  Black 
shale.  These  remains  were  identified  by  Linney  with  Dinich- 
tliys  hertzeri,  Newberry,  on  the  basis  of  two  dorsomedian  plates, 
nearly  two  feet  in  diameter,  one  of  these  more  perfect  than  the 
plate  figured  by  Newberry  in  the  Ohio  report.  Another,  much 
more  massive  bone,  could  not  be  identified.  These  fish  remains 
are  now  the  property  of  the  Kentucky  Geological  Survey,  and 
are  exhibited  in  the  Museum. 

Dinichthys  hertseri  occurs  in  the  Huron  shale,  the  lower 
part  of  the  Black  shale  series  of  Ohio.  Dinichthys  terrelli.,  the 
large  plates  of  which  were  at  first  included  under  the  name 
Dinichthys  hertzeri.,  occurs  in  the  upper  part  of  the  Cleveland 
shale,  the  upper  part  of  the  Black  shale  series  of  Ohio.  In  ad- 
dition to  Dinichthys  terrelli,,  the  Cleveland  shale  contains,  the 
smaller  species,  Dinichthys  intermcdius,  D.  curtus,  and  D. 
goulai;  and  still  smaller  species,  Dinichthys  corrugatus  and  D. 
minor,  have  been  published.  It  is  not  known  at  present  whether 
the  large  plates  of  fishes  discovered  by  Linney  on  Copperas 
creek  occur  above  or  below  the  horizon  containing  interbedded 
layers  of  greenish  clay,  seventy-five  to  ninety  feet  above  the 
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base  of  the  Black  shale  series.  These  greenish  clay  layers  were 
believed  by  Linney  to  be  the  southern  representatives  of  the 
Erie  shale  or  Chagrin  formation.  As  far  as  known,  nothing 
has  been  done  since  Linsney's  day  either  to  corroborate  or  dis- 
prove Linney's  views.  Nor  is  it  known  whether,  in  the  light 
of  recent  observations,  the  large  plates  identified  by  Linney  as 
Diwlchthys  hertzeri  would  be  identified  as  this  species  at  present. 

In  the  Paleozoic  Fishes  of  North  America,  published  in 
1889,  Professor  Newberry  states  that  lie  suspects  that  the  large 
fish  plates,  from  Copperas  creek,  judging  from  drawings  sent 
by  Morris  Fischer,  represent  gigantic  Placoderms  as.  yet  un- 
described. 

In  the  Paleontology  of  New  York,  volume  VIII,  published 
in  1892,  Hall  and  Clarke  figure  Scliizobolus  truncatus,  Hall, 
from  the  Black  shale  of  Madison  county,  and  an  unnamed 
species  of  Lingula  from  the  Black  shale  near  Vanceburg,  Ken- 
tucky. The  Black  shale  is  identified  as  of  Genesee  age. 

In  the  American  Journal  of  Science,  Volume  3,  Fourth 
series,  published  in  1897,  Professor  H.  S.  Williams  states  that 
at  Irvine  the  deposition  of  the  Black  shale  probably  continued 
beyond  the  period  at  which  Carboniferous  faunas  appear  in 
other  regions.  An  equivalent  statement  is  made  in  Contribu- 
tions to  Devonian  Paleontology  for  1903,  by  Williams  and 
Kindle,  published  in  1905.  However,  Professor  Williams  fails 
to  state  what  these  Carboniferous  species  at  Irvine  are,  and 
precisely  where  in  the  section  they  occur.  They  are  said  to 
come  from  somewhere  near  the  top  of  the  Black  shale  series. 

In  Volume  6  of  the  American  Journal  of  Science,  published 
in  1898,  George  H.  Girty  refers  the  Black  shale  to  the  Genesee, 
The  species  which  usually  has  been  identified  as  Lingula  spatu- 
lata,  Vanuxem,  in  Kentucky,  he  describes  as  Lingula  (Linguli- 
pora)  icilliamsana,  Girty,  but  it  is  noticed  that  Williams  and 
Kindle  do  not  use  this  name  in  their  reports.  The  following 
species  are  identified  by  Girty  at  the  Oil  Springs,  a  mile  north- 
east of  Indian  Fields,  on  Lulbegrud  creek: 

Lingula  (Lingulipora)  icilliamsana,  Girty. 
Leiorhynchus  quadricostatum ,  Vanuxem. 
Prioniodus  arenatus,  Hinde. 
Sporangitcs  huronensis,  Dawson  ? 
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From  a  locality  two  miles  southwest  of  Jefferson  ville,  in 
Montgomery  county,  lie  lists: 

Lingula  (LinguUpora)  williamsana,  Girty. 
Orbiculoidea  ? 

Leiorliynclms  quadricostatum,  Vanuxem. 
Mertetella,  resembling  AI.  haskinsi,  Hall. 
?  Plethospira  socialis,  Girty. 
Sporangites  liuroncnsis,  Dawson  ? 

From  the  vicinity  of  Berea  and  Vanceburg  lAngula  (Lin- 
gulipora)  williamsana  is  identified. 

In  the  Twenty-fifth  Annual  Report  of  the  Indiana  Geological 
Survey,  published  in  1901,  E.  M.  Kindle  refers  the  southern 
part  of  the  Black  shale  to  the  Genesee.  The  following  species 
are  identified  from  southern  Indiana  and  the  adjacent  part  of 
Kentucky : 

Leiorhyn-chus  quadricostatum,  Vanuxem. 
Leiorhynchus  limitarc,  Vanuxem. 
Chonetcs  lepidus.  Hall. 
Lingula  spaluJata,  Vanuxem. 
Barroixclla  subs  pat  ulata,  Meek  and  Worthen. 
Sehizobolus  concentricus,  Vanuxem. 
Orbiculoidea  lodiensis,  Vanuxem. 
Styliola  fissurclla,  Hall. 

In  the  northern  part  of  the  State  a  Portage  fauna  is  recog- 
nized in  the  Black  shale. 

In  the  Contributions  to  Devonian  Paleontology  for  1903, 
Williams  and  Kindle  list  the  following  species  from  the  Black 
shale  of  Brooks,  fifteen  miles  south  of  Louisville: 

Chonetes  scitulus,  Hall. 
lAngula  spatulata,  Vanuxem. 
Leiorhynchus  cf.  quadricostatnm.  Vanuxem. 
Pleurotomaria  sp. 

The  writer  has  not  attempted  to  collect  fossils  from  the 
Black  shale.  Incidentally,  several  specimens  of  Orbiculoidea 
and  Lingula  spatulata  were  noticed  along  the  road  following 
the  railroad  at  Alum  Springs.  Here  these  species  occurred 
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about  fifteen  feet  above  the  level  of  the  railroad.  Luigula, 
spatulata  occurs  also  at  the  tile  works,  at  Searcy,  near  Moberly. 
A  study  of  the  lists  of  fossils  on  the  preceding  pages  indi- 
cates that  the  Devonian,  Black  Shale  of  Kentucky  unquestion- 
ably includes  strata  belonging  to  the  Genesee  formation.  This 
is  indicated  especially  by  the  presence  of  Leiorhi/nchas  qiiadri- 
costatum,  Bchizobolus  concentricus,  and  Linyiila  spatulata.  E. 
M.  Kindle  has  shown  that  at  Delphi,  in  northern  Indiana,  this 
Black  shale  includes  also  Portage  or  Nunda  forms,  especially 
Spathioearis  emersoni.  Professor  H.  S.  Williams  has  shown 
that  in  Virginia,  at  Hot  Springs,  the  black  shale  sedimentation 
began  as  low  as  the  Onondaga  formation..  Near  Covington,  in 
Virginia,  he  cites  LciorhyncJius  limiture,  a  Marcellus  species,, 
from  the  Black  shale.  In  Ohio,  Black  shale  sedimentation  began 
with  the  base  of  the  Delaware  formation,  where  a  series  of  thin 
fissile  brownish  shales,  about  six  feet  thick,  makes  its  appear- 
ance. These  brownish  shales  contain  Lciorhynclius  limitare^ 
Orlticuloidea  lodiensis,  Orbiculoidca  minuta*,  Martinia  mwa, 
Tentaculites  scalar  if  ormis,  and  Linyula  manni.  They  evidently 
belong  to  the  Marcellus  horizon.  However,  before  conditions 
were  favorable  to  the  deposition  of  typical  Devonian  Black 
shales,  changes  in  sedimentation  occurred,  and  the  limestones" 
of  the  Delaware  formation,  of  Hamilton  age,  and  the  greenish 
Olentangy  shales,  of  unknown  age,  were  deposited,  so  that  in 
Ohio  the  first  typical  Black  shale  deposits  appear  to  be  of  later 
than  Hamilton  age,  corresponding  thus  to  the  Black  shales  of 
Indiana  and  Kentucky. 

THE  SILURIAN  AND  DEVONIAN  OF  SOUTHERN  KENTUCKY,  EAST 
OF  THE  CINCINNATI  GEANTICLINE. 

The  Silurian  is  exposed  also  in  southern  Kentucky,  along 
the  Cumberland  river,  in  Wayne  county,  at  the  mouths  of  Little 
Cub  and  Forbush  creeks.  At  the  mouth  of  Little  Cub  creek,  the 
limestone  at  the  base  of  the  Silurian  section  is  nineteen  feet 
thick.  Trhe  layer  with  Whitfteldella  siibquadrata  and  large 
crinoid  beads  occurs  three  and  a  half  feet  below  the  top  of  this 
limestone,  and  the  underlying  part  is  a  typical  development  of 
the  Brassfield  bed.  Overlying  the  limestone  is  greenish  clayey 
shale,  two  and  a  half  feet  thick ;  clayey  limestone,  two  feet  thick  ^ 
and  an  interval  of  nine  feet,  probably  occupied  entirely  by  green- 
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ish  clayey  shale.  This  part  of  the  section  corresponds  to  the 
attenuated  lower  part  of  the  Crab  Orchard  division  of  the  Si- 
lurian, as  exposed  west  of  Cra.b  Orchard,  toward  Stanford. 

A  quarter  of  a  mile  above  the  mouth  of  Forbush  creek,  along 
a  small  stream  entering  from  the  north,  the  thickness  of  the 
limestone  at  the  base  of  the  Silurian  section  is  fifteen  and  a 
half  feet.  The  layer  with  large  crinoid  beads  occurs  twenty- 
one  inches  below  the  top.  The  underlying  part  corresponds  to 
the  Brassfield  limesione.  Nearer  the  mouth  of  the  creek,  back 
of  the  home  of  William  Richardson,  the  Ia3rer  with  large  crinoid 
beads  contains  also  Whitficldclla  subquadratd. 

Silurian  strata  are  exposed  also  in  Pulaski  county,  about 
five  miles  directly  west  of  Somerset,  on  both  sides  of  Fishing 
creek.  The  exposures  may  be  followed  west  of  the  creek,  along 
a  branch  north  of  the  home  of  V.  L.  Gossett.  North  of  the 
bridge,  the  massive  limestone  at  the  base  of  the  Silurian  section 
is  seven  feet  thick.  Overlying  this  are  distinctly  bedded  layers 
of  limestone,  forming  a  series  ten  feet  thick.  The  top  of  this 
series  of  limestones  is  formed  by  a  layer,  one  foot  thick,  con- 
taining Whitfichlclla  subquadrata,  and  the  large  crinoid  beads, 
in  addition  to  Calymmene  vogdesi,  Dalmanella  cleyantula,  and 
Cyatlioitlujllum  caliculuni.  The  underlying  limestone,  sixteen 
feet  thick,  unquestionably  belongs  to  the  Brassfield  horizon. 
The  thickness  of  the  overlying  clayey  beds  belonging  to  the 
lower  part  of  the  Crab  Orchard  division  of  the  Silurian,  could 
not  be  determined,  although  clayey  beds  of  Silurian  age  are 
exposed  for  a  distance  of  fully  a  mile  up  the  creek.  Farther 
north,  the  Silurian  is  overlaid  by  Devonian  limestone. 

The  most  southern  outcrops  of  Devonian  limestone  occur 
along  the  branch  separating  the  farms  of  Mrs.  Al  Loval  and 
Sol  Jones.  Here  the  limestone  is  three  and  a  half  inches  thick 
and  is  overlaid  by  coarse  sandy  material,  half  an  inch  thick. 
About  a  quarter  of  a  mile  northward,  along  the  Sulphur  Spring 
branch,  the  Devonian  is  two  feet  nine  inches  thick ;  it  consists, 
in  descending  order,  of  coarse  sandstone,  six  inches;  fine-grained 
bluish  limestone,  one  foot  nine  inches  thick;  and  brecciated  rock, 
four  to  six  inches  thick.  A  mile  and  a  half  northward,  just 
above  the  home  of  John  Freeman,  the  Devonian  limestone  is 
four  feet  thick;  most  of  it  is  white  and  crinoidal,  containing 
Cyathophylloid  corals  and  large  Spiri-fers.  A  short  distance 
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northward,  just  above  the  home  of  Taylor  Brock,  the  Devonian 
limestone  is  twelve  feet  thick;  at  the  toy  the  rock  is  cherty ;  just 
beneath,  it  contains  Cyathophylloid  corals;  near  the  base  the 
rock,  five  and  a  half  feet  thick,  is  massive  and  fine-grained.  A 
short  distance  northward,  just  below  the  mouth  of  Ooldwater 
branch,  the  Devonian  limestone  is  seventeen  feet  thick,  consist- 
ing, in  descending  order,  of  breccia  ted  brownish  rock,  nine 
inches  thick;  white  limestone,  one  foot;  thin  limestone  layers, 
two  and  a  half  feet;  massive  limestone,  seven  feet  eight  inches; 
cherty  limestone,  two  feet  six  inches';  and  fine-grained  lime- 
stone, three  feet.  The  Devonian  limestone  was  traced  three 
miles  above  the  mouth  of  Coldwater  branch;  it  is  said,  by  peo- 
ple in  the  neighborhood,  to  occur  in  the  vicinity  of  Adam's 
mill,  two  miles  farther  north. 

A  small  number  of  fossils  collected  from  this  limestone  was 
lost  during  transportation.  These  included  several  species  of 
Spirifcr,  IStropheodonta,  Atrypa  reticularis,  cyathophylloid  cor- 
als and  other  fossils.  Of  these,  only  one  specimen,  closely 
related  to  Aniphigenla  clonc/ata,  is  at  hand.  This,  was  found 
in  the  neighborhood  of  the  Sulphur  Spring  locality.  The  cast 
of  the  spondylium  is  shown  distinctly.  Spirifer  acuminatus 
also  occurs.  These  fossils  indicate  the  presence  here  of  strata 
equivalent  to  the  Onondaga  limestone  of  New  York.  The  large 
number  of  corals  and  abundance  of  chert,  at  several  localities, 
suggest  the  possibility  of  a  southward  extension  of  the  Devonian 
limestone  fauna  seen  in  central  Kentucky,  and,  farther  north, 
in  the  Jefferson ville  limestone,  at  Louisville,  Kentucky. 

THE  SILURIAN-DEVONIAN  UNCONFORMITY. 

In  east-central  Kentucky,  the  Silurian  formations  thin  out 
westward  toward  the  Cincinnati  geanticline  and  are  overlaid  un- 
conformably  by  the  Devonian  formations.  Along  the  crest  of 
the  geanticline,  in  Casey  and  Boyle  counties,  the  Richmond  di- 
vision of  the  Cincinnatian  series  also  is  absent,  and  here  the 
Devonian  rests  upon  the  upper  part  of  the  Maysville  (Lorraine) 
division  of  the  Cincinnatian. 

North  of  Crab  Orchard  the  Devonian  rests  upon  at  least 
seventy-five  feet  of  clay  belonging  to  that  part  of  the  Alger 
clav  which  overlies  the  massive  limestone  laver  (marked  C  on 
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Plate  A,  page  64)  a  short  distance  above  its  base.  If  our  inter- 
pretation of  this  part  of  the  section  be  correct,  the  clay  above 
this  massive  limestone  layer  corresponds  to  the  Estill  clay,  and 
to  the  Waco  formation,  which  here  is  nearly  unfossiliferous  and 
is  represented  only  by  clay.  About  two  and  a  half  miles  west 
of  Crab  Orchard,  along  the  pike  to  Stanford,  the  thickness  of 
the  clay  above  the  massive  limestone  layer  is  sixty-six  feet. 
About  two  and  a  half  miles  southwest  of  Crab  Orchard,  south 
of  the  county  road,  the  thickness  is  at  least  fifty  feet,  but  no 
accurate  measurements  are  at  hand.  Three  miles  southwest  of 
Crab  Orchard,  the  thickness  of  this  clay  is  thirty-five  feet. 
About  three  quarters  of  a  mile  farther  west,  the  thickness  is 
twenty  feet.  A  short  distance  farther  Avest,  at  the  home  of 
William  Pleasant^  the  thickness  is  eleven  feet.  Four  and  a 
quarter  miles  west  of  Crab  Orchard  station,  the  thickness  of 
the  clay  is  seven  and  a  half  feet.  Half  a  mile  farther  west  the 
Devonian  limestone  rests  directly  upon  the  massive  limestone 
layer  in  the  lower  part  of  the  Alger  division  of  the  Silurian. 
In  this  distance  the  Devonian  limestone  has  been  thinning  ir- 
regularly from  nineteen  feet,  west  of  Crab  Orchard  station,  to 
about  three  or  four  feet  at  the  exposure  last  mentioned.  A  short 
distance  farther  west,  at  the  home  of  James  Thomas  Bailey,  the 
red  clay  resulting  from  the  decay  of  the  Devonian  limestone  is 
only  one  foot  thick,  and  it  rests  upon  strata  nearly  ten  feet 
below  the  level  of  die  massive  limestone  layer,  within  two  and 
a  half  feet  of  the  Whitfieldella  layer  at  the  base  of  the  Crab 
Orchard  division  of  the  Silurian,  of  which  the  Alger  clays  and 
limestones  form  the  upper  part. 

Farther  west,  the  Devonian  limestone  is  absent,  and  here 
the  Devonian  Black  shale  rests  directly  upon  the  Brassfield 
limestone,  the  lowest  Silurian  formation  in  this  part  of  the 
State.  Of  this  Brassfield  formation  only  the  lower  and  middle 
part,  eight  feet  five  inches  thick,  remain.  The  upper  part,  in- 
cluding the  layer  with  large  crinoid  beads,  is  absent.  Farther 
west  the  Devonian  limestone  is  present  again,  but  rests  upon 
Ordovician  strata.  It  is  possible  that  ihe  absence  of  Devonian 
limestone  south  of  Stanford,  near  Neal  creek  church,  is  due  to 
the  fact  that,  during  the  deposition  of  the  Devonian  limestone, 
the  Brassfield  limestone  in  this  area  projected  so  far  above  the 
level  of  the  surrounding  Silurian  and  Ordovician  strata  as  to 
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be  more  strongly  exposed  to  wave  action  or  to  tidal  currents, 
and  hence  remained  clear  of  Devonian  deposits.  Owing  to  its 
hardness,  and  the  comparatively  small  quantity  of  interbedded 
clay,  the  Brassfield  limestone  would  resist  weathering  and  ero- 
sion better  than  the  underlying  part  of  the  Ordovician  and 
the  overlying  Silurian  strata.  Observations  favoring  this  view 
are  noted  also  at  other  localities  in  Kentucky. 

As  already  stated,  north  of  Crab  Orchard  the  'Devonian  lime- 
stone rests  on  at  least  seventy-five  feet  of  that  part  of  the  Alger 
clay  which  overlies  the  massive  layer  of  limestone.  Nine  miles 
north  of  Crab  Orchard,  near  the  home  of  James  M.  Anderson, 
the  thickness  of  this  clay  is  only  twenty-two  feet.  The  Devonian 
limestone  lies  directly  above.  The  Silurian  strata,  probably 
once  extended  beneath  the  Devonian  cover  as  far  as  Lancaster, 
but  at  present  no  exposures  in  that  direction  remain. 

Along  the  pike  between  Crab  Orchard  and  Stanford,  ex- 
posures of  the  Devonian  limestone  are  rather  poor,  but  three 
miles  east  of  Stanford,  Devonian  limestone  waste  occurs  in  con- 
siderable abundance  within  a  short  distance  of  the  top  of  tho 
Brassfield  bed,  suggesting  the  continuation  of  the  features  al- 
ready described,  from  the  area  south  or'  the  Louisville  &  Nash- 
ville Railroad,  as  far  north  as  Stanford,  and  probably  as  far 
north  as  Lancaster. 

Northeast  of  Crab  Orchard,  toward  Hammack,  the  Silurian- 
Devonian  unconformity  is  also  in  evidence.  The  clay  above 
the  massive  limestone  layer  in  the  Alger  formation  is  at  least 
seventy-five  feet  thick  north  of  Crab  Orchard.  Along  the  head- 
waters of  Harmon  creek,  it  is  thirty-seven  feet  thick.  Near 
Hammack  it  varies  between  fifteen  and  twenty  feet.  The  De- 
vonian limestone  lies  directly  above.  It  is  .probable  that  if 
more  were  known  of  the  thickness  of  the  Silurian  formations 
where  they  now  are  under  cover,  in  the  northwestern  part  of 
Rockcastle  county,  it  would  be  evident  that  the  thinning  of  the 
Silurian  formations  here  is  toward  the  northwest  rather  than 
toward  the  northeast.  Along  Fall  Lick  creek,  for  instance, 
northeast  of  Crab  Orchard,  the  thickness  of  the  clay  above  the 
massive  limestone  layer  is  known  to  be  much  greater  than  at 
the  head  of  Harmon  creek. 

Along  the  line  between  Garrard  ar>d  Madison  county,  the 
evidence  is  less  striking.  Along  Rocky  branch,  the  base  of  the 
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Devonian  limestone  is  thirty-four  feet  above  the  top  of  the  Brass- 
field  limestone,  with  its  layer  of  large  crinoid  beads;  the  De- 
vonian here  rests  upon  a  massive  layer  of  limestone.  About  a 
mile  northwestward  the  interval  is  only  22  feet,  and  a  mile  and 
a  half  northward  it  is  thirty-five  feet,  no  allowance  being  made 
for  the  dip  of  the  rock. 

Along  the  railroad,  north  of  Berea,  the  Silurian-Devonian 
unconformity  is  well  shown.  Less  than  three  miles  north  of 
Berea,  the  Devonian  limestone  appears  to  rest  directly  upon 
the  massive  limestone  at  the  base  of  the  Waco  division  of  the 
Alger  formation.  The  layer  with  large  crinoid  beads  at  the 
top  of  the  Brassfiekl  bed  is  found  thirty-one  feet  below  the  De- 
vonian. Half  a  mile  south  of  AVhites,  the  Devonian  rests  di- 
rectly upon  some  of  the  layers  of  the  Oldham  limestone,  con- 
taining Stricklandinia  n&woodi,  and  the  layer  with  large 
crinoid  beads  is  found  only  twelve  feet  below  the  Devonian. 
At  the  same  time,  the  Devonian  limestone,  which  is  thirteen 
and  a  half  feet  thick  north  of  Berea,  is  reduced  to  three  inches 
near  Whites,  being  represented  by  the  fish  layer.  Here  again 
the  Brassfield  bed  may  have  risen  above  the  level  of  the  upper 
Ordovician  and  the  overlying  Silurian  strata  during  the  deposi- 
tion of  the  Devonian  limestones  in  the  neighboring  parts  of 
this  section  of  Kentucky,  producing  features  resembling  those 
described  from  the  vicinity  of  Neal's  creek  church,  south  of 
Stanford. 

Evidences  of  the  presence  of  the  Silurian-Devonian  uncon- 
formity appear  also  southeast  of  Bobtown.  At  Mat  Moody's 
store,  two  miles  and  a  quarter  southeast  of  Bobtown,  the  De- 
vonian limestone  occurs  about  forty-eight  feet  above  the  base  of 
the  Brassfield  bed.  A  mile  farther  northward,  this  interval  is 
about  thirty-six  feet.  Near  the  Mat  Moody  store  the  thickness 
of  the  Devonian  limestone  is  at  least  three  feet.  A  mile  north- 
ward it  is  nine  inches,  and  here  the  Devonian  limestone  is  repre- 
sented by  the  fish  layer  and  rests  upon  day. 

In  the  greater  part,  of  the  area  between  Whites  and  the  ex- 
posures three  miles  east  of  Bobtown,  the  Devonian  limestone 
does  not  exceed  twelve  inches  in  thickness  and  does  not  rest 
on  the  Brassfield  limestone.  In  this  area  some  of  the  minor 
limestone  layers,  such  as  the  layer  at  the  base  of  the  Waco  hori- 
zon, may  have  resisted  erosion  sufficiently  to  keep  this  part  of 
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the  field  at  a  higher  level  during  the  deposition  of  the  Devonian 
limestone. 

Evidences  of  the  Silurian-Devonian  unconformity  are  seen 
along  the  railroad  between  Irvine  and  Brassfield.  North  of 
Irvine  the  Devonian  limestone  rests  upon  the  Estill  clay,  sixty 
feet  thick.  East  of  Panola,  about  a  quarter  of  a  mile,  the  Estill 
clay  is  well  exposed  for  a  thickness  of  about  forty-five  feet,  but 
the  Devonian  limestone  is  not  seen  at  the  point  where  this 
measurement  was  made.  At  Brassfield  (Fig. '8),  along  the 
railroad  cut,  the  Devonian  limestone  rests  upon  clay,  fifteen 
feet  thick.  The  horizon  of  the  top  of  the  Lulbegrud  clay  at 
Brassfield  is  fully  seventy-two  feet  below  the  level  of  the  top 
of  the  Estill  clay  at  Irvine,  and  at  least  fifty-six  feet  below  the 
top  of  the  Estill  clay  at  Panola.  It  is  evident  that  the  greatest 
unconformity  is  shown  between  Brassfield  and  Panola,  and 
much  less  between  Panola  and  Irvine.  No  explanation  for  this 
fact  has  been  discovered. 

Between  Elliston,  Waco,  Cobb  Ferry.  College  Hill,  and  the 
exposures  three  miles  north  of  College  Hill,  the  degree  of  unu 
conformity  is  relatively  very  small,  although  considerable  differ- 
ences in  the  thicknesses  of  the  Devonian  limestone  exposures 
are  noticed. 

Apparently  there  is  a  strong  Silurian-Devonian  unconform- 
ity in  the  area  between  Vienna  and  Merritts  and  Rightangle. 
South  of  Vienna  the  Devonian  limestone  rests-  upon  some  part 
of  the  Estill  clay,  and  the  massive  limestone  at  the  base  of  the 
Waco  horizon  is  poorly  exposed  along  the  road  north  of  Vienna. 
A  mile  north  of  Merritt,  near  the  Old  Simpson  Brock  place,  the 
Devonian  rests  apparently,  in  case  there  is  no  fault,  on  the  Old- 
ham  limestone.  Northeast  of  Arlen,  the  Devonian,  if  not 
brought  near  the  Brassfield  bed  by  a  fault,  must  be  within  a 
short  distance  of  the  top  of  the  latter. 

North  of  Vienna,  along  the  road  from  Vienna  to  Indian 
Fields,  the  massive  limestone  layer  at  the  base  of  the  Waco  hori- 
zon, and  also  at  least  the  base  of  the  Estill  clay  are  exposed. 
Between  Log  Lick  church  and  the  home  of  J.  T.  Elkins,  the 
base  of  the  Devonian  limestone  practically  rests  on  the  mas- 
sive limestone  at  the  base  of  the  Waco  horizon.  A  quarter  of 
a  mile  south  of  Indian  Fields,  the  lower  part  of  the  Estill  clay, 
about  twelve  feet  thick,  is  exposed  beneath  the  Devonian  lime- 


Fig.  8.    Contact  between  Estill  Clay  and  Devonian  limestone  at  Brassfield,  along  the  Louisville  and  Atlantic  R.  R. 
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stone.  At  the  great  clay  pit  along  the  railroad  northwest  of 
Indian  Fields,  this  interval  is  seven  feet.  Along  the  railroad 
between  Virden  and  Clay  City  (Fig.  9),  the  Devonian  rests 
on  the  Waco  bed  or  upon  only  a  very  small  part  of  the  Estill 
clay  section*  Between  Tipton  ferry  and  the  Plum  creek  ex- 
posures, the  Devonian  rests  upon  the  lower  part  of  the  Estill 
clay,  only  eight  or  nine  feet  thick.  Comparing  these  sections 
with  those  found  farther  south,  the  degree  of  unconformity  be- 
tween the  Silurian  and  Devonian  is  relatively  slight. 

There  is  evidently  a  remarkable  thinning  of  the  Estill  clay 
between  Irvine  and  Clay  City.  At  Irvme,  the  Devonian  lime- 
stone rests  upon  Estill  clay  at  least  sixty  feet  thick.  Along 
the  railroad  west  of  Clay  City  this  interval  is  reduced  to  less 
than  ten  feet,  and  at  some  localities  can  not  exceed  two  or  three 
feet. 

There  can  be  no  doubt  of  a  Silurian- Devonian  unconformity 
between  Indian  Fields  and  Jeffersonville.  At  Indian  Fields, 
the  base  of  the  Devonian  is  about  fifty  feet  above  the  layer  con- 
taining large  crinoid  beads,  at  the  top  of  the  Brassfield  lime- 
stone. A  mile  southwest  of  Jeffersonville,  this  interval  is  sev- 
enteen feet.  Half  a  mile  northwest  of  Jeffersonville,  the  same 
interval  is  shown.  At  Indian  Fields  the  Devonian  limestone 
rests  upon  the  lower  part  of  the  Estili  clay,  seven  to  twelve 
feet  thick.  Near  Jeffersonville  the  Devonian  rests  upon  strata 
probably  equivalent  to  the  Oldham  limestone. 

A  greater  degree  of  unconformity  is  shown  between  Spencer 
and  Jeffersonville.  East  of  Spencer,  west  of  Slate  creek  bridge, 
the  interval  between  the  Devonian  limestone  and  the  layer 
with  large  crinoid  beads  at  the  top  of  the  Brassfield  limestone 
is  sixty-two  feet.  East  of  the  creek  this  interval  is  thirty-six 
feet.  No  account  is  taken  in  either  case  of  the  dip.  Near 
Jeffersonville,  this  interval  is  seventeen  feet.  Two  miles  south- 
west of  Preston  the  interval  is  seventy-five  feet,  and  it  is  known 
to  exceed  sixty  feet  considerably  directly  south  of  Preston,  about 
a  mile.  The  records  from  tKe  oil  wells  in  the  Ragland  field  in- 
dicate intervals  of  at  least  160  feet  between  the  Devonian  lime- 
stone and  the  top  of  the  Brassfield  bed.  At  Owingsville  the 
base  of  the  Brassfield  limestone  is  100  feet  below  the  center 
of  the  town;  the  waste  of  the  Devonian  limestone  occurs  prac- 
tically in  place  in  the  northern  part  of  the  town,  along  the  road 
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to  Wyoming.  The  dip  is  eastward.  The  total  thickness  of  the 
Silurian  section  is  believed  not  to  exceed  100  feet.  There  is 
evidence  of  a  thinning  of  the  Silurian  section  from  the  Kagland 
field  toward  Owingsville. 

The  well  record  from  the  Jack  Barnett  farm,  in  Menefee 
county,  suggests  the  presence  of  at  least  153  feet  of  Silurian 
clay.  No  exposures  comparable  with  this  are  known  in  Mont- 
gomery county. 

The  thinning  of  the  Silurian  section,  in  east-central  Ken- 
tucky, toward  the  west  and  northwest  is  evident,  notwithstand- 
ing great  irregularities  in  the  rate  and  direction  of  this  thinning. 
All  the  evidence  so  far  collected  in  the  field  indicates  that  by 
far  the  greater  part  of  the  thinning  of  the  Silurian  section 
can  not  be  due  to  the  thinning  of  the  individual  members  of 
the  various  Silurian  formations,  but  must  be  due  to  the  suc- 
cessive disappearance  of  the  uppermost  members  of  the  various 
formations  as  these  are  traced  westward  or  northwestward. 

Two  theories  may  be  suggested  to  account  for  this.  One 
of  these  assumes  that  the  Silurian  sections  as  seen  at  present 
are  essentially  the  Silurian  sections  as  originally  deposited. 
The  other  assumes  that  formerly  much  greater  thicknesses  of 
Silurian  rocks  were  present,  especially  toward,  and  possibly 
across,  the  crest  of  a  great  part,  or  of  all  of  the  Cincinnati  geanti- 
cline, but  that  extensive  erosion  removed  the  upper  part  of 
these  various  Silurian  sections,  especially  toward  and  along 
the  crest  of  the  geanticline,  during  the  period  preceding  the 
deposition  of  the  Devonian  limestones  of  this  area,  which  were 
deposited  in  Middle  Devonian  or  Onondaga  times. 

Both  theories  assume  the  gradual  elevation  of  Ordovician 
and  Silurian  strata  in  times  preceding  the  deposition  of  the 
Middle  'Devonian.  The  first  theory  assumes  that  the  elevation 
of  the  Cincinnati  geanticline  began  in  early  Silurian,  and  pos- 
sibly even  in  Ordovician  times.  The  second  assumes  that  the 
elevation  resulting  in  the  thinning  of  the  Silurian  sections  be- 
gan late  in  Silurian  times,  possibly  even  after  the  deposition 
of  the  latest  Silurian  strata  still  preserved  in  this  part  of 
the  field. 

According  to  the  first  theory,  illustrated  by  Fig.  2,  on  Plate 
B,  the  elevation  of  the  Cincinnati  geanticline  continued  through- 
out the  deposition  of  the  Silurian.  The  Brassfiekl  limestone, 
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Fig. : 


Devonian  limestone,  opposite  the  home  of  Green  McDowell,  west  of  Clay  City, 
on  the  Lexington  and  Eastern  Railroad,  Powell  County. 
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being  deposited  before  the  elevation  of  the  geanticline  had  pro* 
gressed  far,  extended  farthest  up  the  flanks  of  the  geanticline. 
The  Indian  Fields  formation,  being  deposited  later,  after  the 
geanticline  had  attained  a  greater  elevation,  did  not  extend  as 


FIG  1.  OVERLAPPING     EDGES  OF  STRATA  ON  FLANKS  OFSINKING  ANTICLINE. 


FIG  2.  ATTENUATED  EDGES  OF  STRATA  ON  FLANKS  OF  RISI  NG  ANTICLINE 


FIG  3. RISE  OFANTICLINE   SUBSEQUENT   TO  DEPOSITION   OF  STRATA. 


FIG  4.   DIAGRAMMATIC    SECTION    OF  SILURIAN  STRATA  IN    CENTRAL   KENTUCKY 
Plate  B.    Illustrating  various  conditions  resulting  from  the  formation  of  geanticlines. 
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far  toward!  the  crest  of  the  geanticline  as  the  Brassfield  lime- 
stone. By  the  time  that  the  deposition  of  the  Lulbegrud  clay 
began,  the  elevation  of  the  geanticline  had  increased  so  much 
that  the  Lulbegrud  clay  did  not  cover  that  part  of  the  Indian 
Fields  formation  which  lay  nearest  the  crest.  The  elevation 
continued,  so  that  the  Waco  deposits,  \*  here  they  can  be  recog- 
nized, do  not  extend  as  far  up  the  flank  of  the  geanticline  as  the 
Lulbegrud  clay.  Further  elevation  excluded  the  Estill  clay 
from  any  but  the  more  remote  parts  of  the  flanks  of  the  geanti- 
cline. The  thickest  deposits  of  Estill  clay  are  found  farthest 
from  the  crest.  This  period  of  elevation  was  followed  by  a 
lowering  of  the  area  affected  by  the  Cincinnati  geanticline  in 
east-central  Kentucky.  During  this  period  of  depression,  the 
Devonian  limestones  extended  across  the  edges  of  all  the  Siluri- 
an deposits  as  far  as  the  Richmond  and  Maysville  (Lorraine) 
areas  along  the  crest  of  the  geanticline.  In  support  of  this 
view  of  the  continual  elevation  of  the  geanticline  during  Silurian 
times  may  be  adduced  the  fact  that  no  Silurian  formation  is 
known  to  extend  farther  up  the  flank  of  the  geanticline  than 
any  of  the  preceding  formations.  There  is  no  evidence  of  over- 
lap preceding  Devonian  times,  although  there  is  some  evidence 
of  the  thinning  of  certain  Silurian  formations  toward  the  crest 
of  the  geanticline. 

According  to  the  second  theory,  illustrated  by  Fig.  3  on 
Plate  B,  the  reason  why  there  is  no  overlap  of  Silurian  forma- 
tion on  approaching  the  crest  of  the  Cincinnati  geanticline  is 
because  there  was  no  elevation,  of  the  Cincinnati  geanticline 
of  any  considerable  proportions  either  in  existence  or  in  prog- 
ress during  Silurian  times.  Hence,  Silurian  strata  were  de- 
posited in  succession  over  a  wide  area  covering  the  region  now 
affected  by  the  Cincinnati  geanticline.  The  absence,  at  present, 
of  Silurian  strata  over  the  more  elevated  parts  of  the  Cincin- 
nati geanticline  is  to  be  accounted  for  not  by  assuming  that 
these  strata  never  had  been  deposited  where  now  they  are  ab- 
sent, but  by  assuming  tfiat  Silurian  strata  once  were  present, 
but  were  removed  in  later  times,  after  the  elevation  of  the  Cin- 
cinnati geanticline,  by  weathering  and  erosion.  The  elevation 
of  the  geanticline  in  late  Silurian  and  early  Devonian  times 
is  assumed  to  have  raised  these  former  Silurian  deposits  which 
were  along  the  crest  of  the  geanticline  into  regions  where  waves 
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and  currents  were  most  effective,  and  possibly  even  where  at- 
mospheric agencies  would  assist  in  their  removal.  The  result 
of  erosion  and  weathering  is  assumed  to  have  reduced  a  great 
part  of  the  more  elevated  regions  of  the  Cincinnati  geanticline 
to  the  condition  of  comparatively  flat  country,  but  little  ele- 
vated above  the  sea.  Such  a  condition  usually  is  spoken  of 
as  a  base-level,  and  the  topography  produced  by  the  same  as 
a  peneplain.  The  result  of  this  removal  of  strata  from  the  crest 
of  the  Cincinnati  geanticline,  in  late  Silurian  and  early  Devonian 
times  was  the  exposure  of  only  the  older  layers  along  the  crest 
of  the  geanticline,  and  the  outcropping  of  successively  younger 
layers  on  passing  from  the  crest  of  the  geanticline  outward 
toward  its  flanks.  Subsequent  erosion,  not  failure  of. deposition, 
is  assumed  to  account  for  the  absence  of  Silurian  strata  along 
the  crest  of  the  Cincinnati  geanticline.  Deduction  of  the  upper 
part  of  the  geanticline  to  a  peneplain,  and  not  progressive  ele- 
vation of  the  geanticline  during  the  period  of  deposition  of 
Silurian  strata,  is  assumed  to  account  for  the  apparently  more 
restricted  areas  of  deposition  in  the  case  of  each  of  the  success- 
ively later  Silurian  formations.  The  depression  of  this  pene- 
plain during  Middle  Devonian  times  permitted  the  deposition 
of  the  Devonian  limestones  (Onondaga)  of  Kentucky. 

According  to  the  first  theory,  those  parts  of  the  Silurian  for- 
mations of  east-central  Kentucky  which  lie  farthest  west,  near- 
est the  crest  of  the  Cincinnati  geanticline,  are,  therefore,  near- 
est the  shoreline,  as  it  existed  during  the  deposition  of  this 
particular  formation.  According  to  the  second  theory,  there 
was  no  shore  line  along  the  flanks  of  the  Cincinnati  geanticline, 
•since  this  geanticline  is  assumed  not  to  have  been  sufficiently 
developed  as  yet  to  give  rise  to  dry  land  and  a  shore  line.  Ac- 
cording to  the  first  theory,  evidences  of  proximity  to  the  shore 
should  be  sought  along  lines  of  outcrops  nearest  the  crest,  and 
these  evidences  should  become  less  pronounced,  and  should 
finally  disappear  on  going  from  the  crest  toward  the  flanks  of 
the  geanticline.  According  to  the  second  theory  such  evidence 
should  not  be  at  hand.  According  to  the  first  theory,  the  Si- 
lurian faunas  on  the  two  sides  of  the  Cincinnati  geanticline 
might  have  developed  distinct  features,  notwithstanding  the 
connection  of  these  areas  farther  north,  in  Ohio  and  Indiana. 
According  to  the  second  theorv,  the  faunas  on  the  two  sides  of 
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the  Cincinnati  geanticline  should  not  differ  more  than  faunas, 
equally  distant  in  areas  more  directly  connected. 

Both  theories  assume  conditions  of  weathering  and  erosion 
in  times  preceding-  the  deposition  of  the  Devonian  limestones. 
According  to  the  first  theory,  this  erosion  began  in  early  Silurian 
times,  or  even  during  the  Ordovician.  The  second  theory  as- 
sumes that  the  erosion  began  in  late  Silurian  times. 

According  to  the  first  theory,  the  lithological  character  of 
the  deposit**  on  the  opposite  sides  of  the  geanticline  might  be 
expected  to  show  greater  differences  (See  figures  1  and  2,  on 
plate  B),  perhaps,  than  if  the  conditions  predicated  by  the  sec- 
ond theory  prevailed. 

Very  little  evidence  in  favor  of  either  theory  has  been  dis- 
covered so  far. 

Pebbles  and  wave-marks  have  been  discovered  im  some  Si- 
lurian strata,  especially  in  the  Brassfield  limestone  and  in  im- 
mediately overlying  strata,  but  it  has  not  been  shown  that  these 
occur  in  the  beds  nearest  the  crest  of  the  geanticline  and  are 
absent,  at  greater  distances.  Crossbedded  layers  are  known,  es- 
pecially in  the  Brassfield  limestone,  but  it  has  not  been  shown 
that  these  are  best  developed  nearest  the  crest  of  the  geanti- 
cline. No  distribution  of  species  of  fossils  has  been  discovered 
suggesting  the  presence  of  shore  conditions  in  those  parts  of 
the  Silurian  deposits  of  east-central  Kentucky  which  are  ex- 
posed farthest  west.  At  no  point  is  any  Silurian  formation 
known  to  be  resting  upon  the  eroded  surface  of  earlier  strata, 
filling  up  an  earlier  water  channel,  butting  up  against  the  side 
of  a  cliff,  'or  presenting  any  other  evidence  of  distinct  uncon- 
formity. In  general,  it  may  be  said  that  evidences  favoring 
shore  condition,  so  far  collected,  do  not  serve  to  determine  the 
location  or  direction  these  shores,  nor  are  these  evidences  of 
such  a  character  as  to  demand  the  presence  of  any  elevation  of 
land  following  the  same  general  direction  as  that  now  taken  by 
the  geanticline. 

The  lithological  characteristics  of  the  strata  east  and  west 
of  the  geanticline  present  not  only  certain  differences,  but  also 
certain  strikingly  similar  features.  If  the  Alger  formation  of 
east-central  Kentucky  corresponds  to  the  main  body  of  Osgood 
clay  in  the  west-central  part  of  the  State,  and  if  the  Brassfield; 
bed  corresponds  to  the  so-called  Clinton  limestone  of  that  part 
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of  the  State,  it  is  evident  that  the  Plum  creek  clay  and  the  Old- 
ham  limestone  of  east-central  Kentucky  can  be  represented  on 
the  western  side  of  the  geanticline  onh  by  the  layers  of  lime- 
stone at  the  base  of  the  Osgood  clays.  The  latter  rarely  pre- 
sent a  thickness  of  more  than  two  feet.  At  the  most  eastern 
exposure  known,  about  six  miles  east  of  Bardstown,  along  the 
railroad,  a  mile  and  a  half  east  of  Woodlawn  station,  for- 
merly known  as  Gas-burg,  thin  limestones  interbedded  with  clay, 
forming  a  section  four  feet  thick,  occur  at  the  base  of  the  Os- 
good clay  section,  overlying  the  so-called  Clinton.  This  may 
represent  the  western  extension  of  the  Indian  Fields  forma- 
tion, this  being  the  formation  which  includes  the  Plum  creek 
clay  and  Oldham  limestone,  as  already  mentioned. 

Both  the  Alger  clay  and  the  Crab  Orchard  clay  present  their 
thickest  sections  farther  south,  in  east-central  and  west-central 
Kentucky.  Northward,  in  Ohio  and  Indiana,  these  clays  are 
represented  by  thinner  sections,  and,  before  reaching  Dayton, 
Ohio,  and  Richmond,  Indiana,  become  not  only  much  thinner, 
but  also  are  largely  replaced  by  argillaceous  limestones.  These 
facts  favor  the  view  that  the  Silurian  areas  east  and  west  of  the 
geanticline  were  connected  at  least  during  the  deposition  of 
these  clays,  although  this  connection  may  have  been  only  across 
central  Kentucky,  through  Boyle  and  Marion  counties.  The 
evidence  is  very  inconclusive. 

The  fossils  found  in  the  Brassfield  limestone,  east  of  the 
geanticline,  and  those  found  in  the  so-called  Clinton  limestone, 
west  of  the  geanticline,  are  merely  a  meagre  representation  of 
the  so-called  Clinton  fauna  of  Ohio  and  Indiana,  and  show  no. 
differences  suggesting  their  development  in  different  basins. 

The  abundant  Whitfleldellas  in  the  sandy  limestone  layer, 
immediately  above  the  top  of  the  Brassfield  limestone  of  eastern 
Kentucky  are  unknown  west  of  the  Cincinnati  geanticline,  in 
Kentucky,  although  related  forms  are  found  in  the  Osgood  bed 
in  Ripley  county,  Indiana. 

The  Stricklaiidinia  found  near  the  top  of  the  Oldham  lime- 
stone is  not  known  west  of  the  geanticline,  but  specimens  of 
Stricklandinia  of  a  somewhat  smaller  species  are  found  at  the 
top  of  the  limestones  beneath  the  Osgood  clay  about  six  and 
a  half  miles  southwest  of  Bardstown,  and  occur  also  at  sev- 
eral localities  in  western  Tennessee.  Of  the  other  fossils  found 
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in  the  Oldham  limestone  comparatively  little  is  known,  at  pres- 
ent, but  it  may  prove  that  this-  fauna  will  show  closer  relation- 
ship with  the  Brassfield  fauna  than  with  the  Waco  fauna,  and 
that  the  Oldham  fauna  will  find  representatives  in  the  upper 
part  of  the  so-called  Clinton  im  western  Kentucky,  which  is 
represented  by  the  white  limestones  in  Nelson  and  Marion 
counties,  especially  in  the  neighborhool  of  Bardstown.  This 
white  limestone  differs  considerably  in  appearance  from  the 
salmon  brown  limestone  characteristic  <of  the  Clinton  in  nor- 
thern Kentucky,  and  the  adjacent  parts  of  Indiana,  a  ad  may 
represent  a  somewhat  higher  horizon. 

The  Waco  fauna  is  different  from  anything  known  in  the 
Osgood  formation,  either  in  western  Kentucky  or  Indiana.  It 
may  have  formed  in  a  different  basin  from  the  latter.  The 
Cincinnati  geanticline  may  already  have  developed  sufficiently 
during  the  deposition  of  the  Waco  bed  to  make  it  possible  for 
a  fauna  to  develop  in  eastern  Kentucky  quite  distinct  from 
the  faunas  of  western  Kentucky,  but  the  evidence  does  not  point 
to  this  conclusion  necessarily.  The  Brassfield  deposits  of  east- 
ern Kentucky  and  Ohio  are  represented  only  in  part  farther 
west,  in  southeastern  Indiana  and  the  adjacent  parts  of  west- 
ern Kentucky.  It  may  be  that  the  Osgood  formation,  west  of 
the  Cincinnati  geanticline,  in  a  similar  manner  represents  only 
a  part  of  the  Crab  Orchard  division  of  the  Silurian  farther 
east.  It  may  be  attenuation  of  formations  toward  the  west,  in 
times  preceding  the  formation  of  the  geanticline,  attended  with 
omission  of  part  of  the  series-  farther  westward,  rather  than  the 
development  of  distinct  faunas  in  separate  basins,  on  opposite 
sides  of  the  geanticline,  which  will  prove  the  explanation  of 
the  few  facts  known  so  far. 

In  general,  it  may  be  stated  that  the  study  of  faunas  along 
the  Cincinnati  geanticline  has.  not  progressed  sufficiently  as 
yet  to  determine  the  tilings  we  most  would  like  to  know.  Of 
course,  speculation  on  this  subject  is  to  be  expected,  but  it  is 
worth  while  to  remember  that  the  number  of  facts  upon  which 
these  speculations  must  be  based  is  still  very  small. 

While  there  is  no  doubt  of  the  existence  of  the  Cincinnati 
geanticline  in  pre-Onondaga  times,  preceding  the  deposition  of 
the  Devonian  limestones  of  tHis  area,  the  Silurian,  Cincinnatian, 
or  even  earlier  origin  of  this  geanticline  requires  further  investi- 
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gation.     Such  an  early  origin  may  be  probable,  but  probability 
must  not  be  confounded  with  proof  and  fact. 

THE  DEVONIAN  LIMESTONE-BLACK  SHALE  UNCONFORMITY. 

In  the  Report  of  Progress  of  the  Ohio  Geological  Survey 
for  1870,  Professor  Orton  publishes  the  following  very  inter- 
esting facts: 

At  Delaware  and  northward,  the  Ohio  Black  shale  rests 
upon  a  thin  belt  of  shale,  at  that  time  identified  as  the  Hamil- 
ton, but  now  known  as  the  Olentangy  shale.  In  Franklin  coun- 
ty, of  which  Columbus  is  the  county  seat,  the  Black  shale  rests 
upon  the  Corniferous  limestone,  now  known  as  the  Delaware  and 
Columbus  limestones.  In  Ross  county,  in  which  Greenfield  is 
located,  the  Black  shale  rests  upon  the  Greenfield  limestone,  re- 
ferred at  present  to  the  Monroe  formation.  In  Highland  coun- 
ty, the  Black  shale  rests  upon  the  Niagara  formation,  the  high- 
est member  of  which  in  this  county  is  called  the  Hillsboro  sand- 
stone. There  is  a  very  evident  unconformity  between  the  base 
of  the  Devonian  Black  shale  and  the  underlying  Devonian  and 
Silurian  formations.  The  absence  of  the  Monroe  formation  west 
of  the  Cincinnati  geanticline  requires  explanation. 

In  a  paper  on  the  Devonian  and  Lower  Carboniferous  faunas 
of  southern  Indiana  and  central  Kentucky,  E.  M.  Kindle  shows 
a  striking  unconformity  between  the  base  of  the  Black  shale  and 
the  Devonian  ( Jeffersonville)  limestone  at  Brooks  run,  in  Bul- 
litt  county,  Kentucky,  fifteen  miles  south  of  Louisville.  Ero- 
sion preceding  the  deposition  of  the  Black  shale  had  produced 
gullies,  in  the  top  of  the  limestone,  fully  ten  to  twelve  feet  deep. 
Another  very  marked  unconformity  was  discovered  a  quarter 
of  a  mile  south  of  Huber,  in  the  same  county.  Here  the  Black 
shale  rests  on  the  Sellersburg  division  of  the  Devonian  lime- 
stone. It  is  probable  that  further  observations  will  result  in 
the.  discovery  of  similar  evidences  of  unconformity  elsewhere 
in  the  field. 

In  this  connection  attention  should  be  called  to  the  fact 
that,  in  several  areas  in  Kentucky,  the  Devonian  limestone  is 
entirely  absent.  This  is  the  case,  for  instance,  in  part  of  the 
area  between  Bardstown  and  New  Haven,  between  New  Haven 
and  Ray  wick,  between  Ray  wick  and  Loretto,  south  of  Stanford 
east  of  Neals  creek  church,  for  at  least  five  miles  north  and 
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northeast  of  Liberty,  everywhere  along  the  Cumberland  river 
west  of  Fishing  creek.  These  localities  are  all  along  the  more 
elevated  parts  of  the  Cincinnati  geanticline  in  that  part  of  its 
extent  where  the  Black  shale  is  still  preserved,  and  the  absence 
of  the  Devonian  limestone  here  is  undoubtedly  connected  with 
the  elevation  of  the  geanticline. 

A  similar  absence  of  Devonian  limestones  is  noted  in  the 
area  between  the  southeastern  corner  of  Fleming  county,  in 
Kentucky,  and  Pickaway  county,  in  Ohio.  This  has  led  to  the 
belief  that,  in  times  preceding  the  deposition  of  the  Black  shale, 
a  subsidiary  anticline  passed  northeastward  across  this  part 
of  the  country,  the  crest  crossing  the  Ohio  river  some  where 
in  the  neighborhood  of  Vanceburg. 

Where  the  Devonian  limestone  is  reduced  to  a  very  thin 
layer,  often  less,  than  one  foot  in  thickness,  between  Whites 
and  the  exposures  three  miles  east  of  Bobtown,  it  is  noticed 
that  the  layer  containing  fish,  teeth  and  plates  still  remains. 
Similar  features  are  noticed  elsewhere,  for  instance  a  quarter 
of  a  mile  south  of  Indian  Fields,  where  only  a  thin  exposure 
of  Devonian  limestone  occurs.  This  fact  has  suggested  that 
in  some  areas  it  may  be  the  upper,  rather  than  the  lower  part 
of  the  Devonian  limestone  section  which  may  be  absent,  again 
suggesting  an  unconformity.  The  fact  that  rocks  equivalent 
to  the  'Delaware  limestone  and  to  the  Olentangy  shale  appear  to 
be  absent  would  lead  to  similar  conclusions. 

The  presence  of  a  thin  strip  of  Black  shale  below  the  brown 
rock  regarded  as  equivalent  to  the  Duffin  layer,  which  has  been 
noted  at  several  localities,  suggests  that  in  some  areas  the  depo- 
sition of  the  Black  shale  may  have  begun  earlier  than  in  others. 

THE  LEXINGTON  PENEPLAIN. 

In  discussing  the  topography  of  that  part  of  Kentucky  which 
lies  within  twenty  miles  of  Richmond,  Mariusi  B.  Campbell 
makes  the  following  statements: 

The  most  striking  topographic  feature  of  this  area  is  the 
great  plain  of  central  Kentucky,  which  shows  to  excellent  ad- 
vantage at  Winchester,  Richmond,  and  Berea,  and  which  is 
named  the  Lexington  peneplain  from  the  city  of  Lexington. 
When  viewed  from  a  single  locality  the  apparent  parallelism 
between  the  surface  of  this  plain  and  the  bedding  of  the  rocks 
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suggests  that  it  was  formed  by  the  erosion  of  soft  beds  down  to 
the  surface  of  a  more  resistant  stratum,  but  when  a  large  area 
is  examined  it  is  found  that  this  plain  truncates  the  Cincin- 
nati geanticline,  causing  different  beds  of  rock  to  form  the 
surface  in  different  portions  of  the  plain.  In  view  of  this  fact 
it  is  not  possible  to  ascribe  the  formation  of  this  topographic 
feature  to  the  influence  of  hard  beds  of  rock,  or  to  the  geologic 
structure.  There  are  two  methods  by  which  this  plain  may  have 
been  produced:  either  by  the  shore  action  of  the  Avaves  of  a 
large  body  of  water,  or  by  sub-aerial  erosion  of  the  land  to  base- 
level.  If  this  feature  was  produced  by  Avaves,  central  Kentucky 
must  have  been  beneath  the  water  of.  the  ocean  at  some  time 
since  the  Paleozoic  era,  later  than  the  time  of  deposition  of 
Carboniferous  or  Pennsylvanian  strata,.  If  the  sea  covered  this 
territory,  there  must  have  been  sediments  deposited  on  its  sur- 
face; but  no  such  material  has  ever  been  discovered:  therefore 
this  cause  seems  not  to  have  operated  to  produce  the  plain  in 
question.  Subaerial  erosion  on  the  land  surface  which  is  free 
from  movement  will  produce  such  a  feature  if  time  enough  is 
allowed  for  the  approximate  reduction  of  the  surface  to  base 
level.  The  surface  resulting  from  such  conditions  will  be  al- 
most a  plain — a  peneplain.  This  hypothesis  is  in  accord  with 
the  facts  in  central  Kentucky,  so  far  as  known,  and  consequently 
this  feature  will  be  regarded  as  of  subaerial  origin,  and  it  will 
be  referred  to  as  the  Lexington  peneplain. 

The  hills  which  rise  above  the  Lexington  peneplain  have  a 
fairly  constant  altitude  of  about  1,500  feet  above  sea  level.  They 
have  generally  round  or  sharp  tops,  which  give  no  suggestion 
of  a  higher  plain;  but  the  regularity  of  altitude1,  despite  the 
variation  of  the  underlying  rocks,  is  strong  evidence  of  the  for- 
mer .existence  of  a  peneplain  at  this  level,  which,  has  been  so 
completely  dissected  by  later  erosion  that  no  trace  of  its  sur- 
face remain®  to  mark  its  exact  position. 

The  valleys  which  are  cut  below  the  surface  of  the  Lexing- 
ton peneplain  are  complex  in  character  and  show  that  they 
are  the  result  of  two  episodes  of  erosion.  When  viewed  upon 
the  ground  it  is  apparent  that  there  is  a  long,  gentle  slope  from 
the  surface  of  the  Lexington  peneplain  leading  down  to  the 
brink  of  steep  walls  which  bound  the  inner  valley  of  the  river. 
The  gentle  slopes  constitute  the  sides  of  an  older  valley,  which 
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was  broad.  The  narrow  modern  gorge  of  the  Kentucky  river 
has  been  cut  within  it. 

Upon  the  floor  of  the  older  valley  occur  deposits  of  sand  and 
clay  which  were  laid  down  by  the  river  when  it  occupied  this 
valley,  before  the  inner  gorge  was  cut  out.  In  order  that  such 
widespread  deposition  should  have  taken  place,  the  streams 
must  have  had  moderate  fall  and  have  been  unable  to  carry 
farther  the  load  of  sand  and  mud  which  they  carried  with  ease 
in  the  narrow,  upper  valley  in  the  Coal  Measure  plateau.  The 
sediments  were  laid  down  in  a  sort  of  delta  deposit  across  the 
entire  width  of  the  old  valley;  they  are  now  found  only  on  the 
tops  of  the  river  hills  which  mark  the  surface  of  the  intermedi- 
ate valley. 

No  direct  evidence  has  been  found  in  the  area  under  in- 
vestigation, within  twenty  miles  of  Richmond,  of  the  dates  of 
the  peneplains  or  of  their  allied  surface  features.  The  Lexing- 
ton peneplain  and  the  one  500  feet  above  it  are  continuous  with 
similar  features  throughout  the  southern  portion  of  the  Ohio 
Basin  and  the  Gulf  slope,  and  it  is  to  these  distant  portions 
of  the  province  that  we  must  look  for  evidence  regarding  their 
dates.  The  higher  peneplain  can  be  traced  continuously  south- 
ward to  the  margin  of  the  Cretaceous  sediments  of  the  Gulf 
coast ;  it  is  also  a  part  of  the  great  peneplain  which  shows  over 
most  of  the  Appalachian  province,  and  which  is  generally  re- 
ferred to  the  Cretaceous  period.  It  is  obviously  very  old,  and 
since  all  of  the  evidence  available  agrees  with  the  foregoing 
statement,  it  will  be  accepted  as  provisionally  correct. 

The  Lexington  peneplain  is  commonly  regarded  as  of  post- 
Cretaceous  age,  but  the  period  has  not  yet  been  satisfactorily 
determined.  The  only  definite  theory  yet  advanced  regarding 
its  age  makes  its-  age  contemporaneous  wTith  the  Eocene  lime- 
stone of  the  Gulf  slope.  This  has  been  advocated  only  as  a. 
working  hypothesis,  but  so  far  as  known  it  is  in  harmony  with 
the  facts  found  in  this  region,  and  will  be  accepted  provision- 
ally. On  the  assumption  that  the  Lexington  plain  is  of  Eocene 
age,  the  intermediate  valley  and  the  deposits  connected  with 
it  would  presumably  be  referred  to  the  next  succeeding  period, 
the  Neocene,  and  the  inner  gorge  to  the  remaining  portion  of 
the  Neocene  and  the  Pleistocene.  This  determination  must 
be  accepted  as  merely  provisional,  and  subject  to  change  when 
more  direct  evidence  becomes  available. 


—Lexington 
peneplain. 


Fig.  10,    Knobs  and  hills  rising  above  the  Lexington  peneplain.    View  looking  from  the  road  east  of  Brassfield 
southward  across  the  peneplain.    Estill  and  Madison  Counties. 
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The  preceding  observations  by  M.  JR.  Campbell,  quoted  with 
few  alterations,  are  so  interesting  that  they  have  been  given 
in  full.  The  Lexington1  peneplain  covers  the  great  central 
limestone  area  of  Kentucky.  The  Black  shale  and  Waverly 
knobs  surround  the  Lexington  peneplain,  and  form,  the  ad- 
vance guard  of  the  remnants  of  the  earlier,  Cretaceous  pene- 
plain. The  difference  in  elevation  often  is  'striking.  The  sharp 
contrast  between  level  of  the  strata  forming  the  surface  of  the 
Lexington  peneplain  and  the  tops  of  the  knobs  beyond  is  well 
shown  by  a  view  from  the  road  northeast  of  Kiddville,  south- 
eastward ;  also,  from  the  great  clay  pit  half  a  mile  west  of  In- 
dian Fields,  northeastward,  and  toward  the  southeast ;  from  the 
road  several  miles  north  of  College  hill,  eastward;  from  the 
road  a  short  distance  east  of  Brassfleld,  southward  (Fig.  10). 

THE  IRVINE  FORMATION. 

Harms  R.  Campbell  gives  the  following  description  of  the 
Irvine  formation:* 

"The  Irvine  formation  consists  of  unconsolidated  sand,  grav- 
el, and  clay,  which  originally  covered  the  intermediate  valley 
of  the  Kentucky  river  near  the  eastern  edge  of  the  Richmond 
quadrangle,  the  area  within  twenty  miles  of  Richmond,  but 
which  are  now  found  capping  the  river  hills — the  few  remnants 
of  what  was  once  an  extensive  and  continuous  surface.  It  is 
named  from  the  town  of  Irvine,  which  is  located  on  the  Ken- 
tucky river,  twenty  miles  southeast  of  Richmond.  No  fossils 
liave  been  found  in  these  sands  by  which  to  ascertain  their  po- 
sition in  the  geologic  time  scale,  so  that  we  are  forced  to  fix 
their  age  by  their  relation  to  the  topography  of  the  region.  Un- 
fortunately, the  dates  .of  the  principal  topographic  features 
have  not  beejn  accurately  determined,  and  that  of  the  Irvine 
formation1  can  be  stated  only  provisionally,  but  its  close  con- 
nection with  the  Lexington  peneplain  certainly  indicates  that 
it  is  much  older  than  the  Pleistocene  period.  Since  the  sand 
occurs  on  the  floor  of  the  intermediate  valley  of  the  Kentucky 
river,  and  is  dissected  by  the  erosion  which  produced  the  gorge 
of  that  stream,  it  must  have  been  deposited  in  the  period  that 
intervened  between  the  cutting  of  the  intermediate  valley  and 
the  cutting  of  the  gorge.  The  geologic  period  in  which  the  in- 
termediate! valley  was  eroded  .has  noL  been  determined  with 

*  Richmond,  Ky.,  Folio,  U.  S.  Geological  Survey,  1898. 
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certainty,  but  .since  it  is  cut  only  a  slight  distance  below  the 
surface  of  the  Lexington-  peneplain,  and  to  only  a  moderate 
breadth,  it  must  have  been  formed  soon  after  the  peneplain 
was  raised  above  sea-level.  The  age  of  this  peneplain  has  been 
provisionally  accepted  as  Eocene,  and  that  of  the  intermediate 
valley  as  Neocene;  hence  the  deposits  lying  upon  the  floor  of  the 
intermediate  valley  must  have  been  laid  down  after  the  valley 
was  cut,  or  presumably  in  the  closing  stages  of  the  Neocene 
period." 

On  the  geological  map  which  accompanies  the  Richmond 
folio,  published  in  1898,  Mr.  Campbell  indicates  certain  areas 
between  Brassfteld,  Irvine,  and  the  Kentucky  river  as  contain- 
ing strata  of  Irvine  age.  A  study  of  the  areas  delineated  as 
underlaid  by  the  Irvine  formation  between  Portwood,  or  By- 
beetown,  and  Cobb  ferry,  northeast  of  Waco,  and  near  College 
Hill,  indicates  that  the  Irvine  formation  here  is  the  source  of 
the  clays  from  which  the  pottery- ware,  which  is  manufactured 
at  Waco  and  B'ybeetown,  is  constructed.  Extensive  private 
surveys  by  the  Searcy  Roiof-tiling  Manufacturing  Company 
have  demonstrated  the  presence  of  these  clays  over  wide  areas 
in  the  territory  indicated.  Extensive  sandy  beds,  as  well  as  more 
limited  pure,  plastic  clays,  occur.  These  deposits  rest  on  the 
eroded  surface  of  the  Devonian,  Black  shale.  The  deposits  at 
Irvine  also  rest  upon  these  shales. 

Exposures  of  the  Irvine  formation  are  much  more  extensive 
than  indicated  on  this  map.  They  occur  at  n'umerous  points 
above  the  800-foot  contour  line  in  the  area  between  Waco,  Ir- 
vine, Olay  City,  and  Indian  Fields^  always  resting  on  the  De- 
vonian Black  shale.  An  excellent  exposure  forms  the  top  of 
the  ridge  east  of  Long  branch,  six  miles  south  of  Indian  Fields. 
At  the  great  clay  pit  along  the  railroad  west  of  Indian  Fields, 
the  thickness  of  Irvine  clay  varies  from  two  to  five  feet.  It  is 
very  sandy  and  contains  pebbles.  Along  the  road  from  Indian 
Fields  to  the  Oil  Spring,  and,  again,  south  of  the  home  of  John 
'Goff,  Irvine  deposits  rest  upon  the  phosphatic  nodule  layer  at 
the  base  of  the  Waverly  series.  Along  the  road  southwest  of 
Clay  City,  from  Tipton  ferry  to  Plum  creek,  the  Irvine  forma- 
tion rests  on  Black  sha,le,  is  sandy,  and  contains  pebbles  fully 
three  quarters  of  an  inch  in  length. 

East  of  Clay  City  the  Irvine  formation  'may  be  traced  up  the 
valley  of  the  Red  river  to  Rossi  yn,  at  the  mouth  of  Cat  creek. 
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Here  it  rests  upon  Waverly  clay,  of  which  a  thickness  of  ten 
feet  is  exposed;  the  Waverly  clay  contains  thin  interbedded 
layers  of  ferruginous  indurated  rock.  Above  this  level  is  a 
gravel  bed  containing  both  angular  and  rounded  pebbles,  con- 
sisting of  free-stone,  quartz,  and  chert  derived  from  the  upper 
limestones  of  the  Mississippian  deposits  of  this  part  of  Ken- 
tucky. The  thickness  of  tihis  gravel  layer  is  two  feet  nine 
inches.  This  is  overlaid  by  isanidy  clay,  six  feet  thick,  followed 
by  a  considerable  deposit  of  whitish  clay,  about  thirty  feet 
thick. 

From  Irvine  .and  Braissfield  the  Irvine  formation  may  be 
traced  southwestward,  everywhere  resting  on  the  eroded  Black 
shale.  White  Irvine  clay,  with  ferruginous  sandy  material  in 
it,  occurs  at  the  Bear  Wallow,  three  miles  east  of  Bobtown; 
also,  southwest  of  Bobtown,  northeast  of  the  New  Liberty 
church.  Similar  exposures  occur  at  numerous  exposures  be- 
tween Cartersville  and  Wallaceton,  and  also  westward,  toward 
Crab  Orchard.  Southwest  of  Crab  Orchard,  the  Irvine  forma- 
tion is  exposed  along  the  county  road  west  of  the  main  branch 
of  Cedar  creek,  resting  upon  Silurian  deposits. 

The  only  deposits  which  have  proved  to  be  of  economic  in- 
terest, so  fa,r  ,at  least,  are  those  near  Wa<?o.  Elsewhere  the 
sandy  'element  in  these  clays  has  proved  an  injurious  feature. 
This  does  not  mean,  however,  that  it  is  useless  to  look  for  other 
deposits  >of  Irvine  clay  which  might  be  useful  for  pottery.  Ow- 
ing to  the  small  amount  of  overlying  material  to  be  removed, 
even  comparatively  thin  layers  of  plastic  white  clays  would 
have  considerable  value  provided  they  were  of  the  desired  chem- 
ical composition. 

DERIVATION  OF  SEDIMENTS  FROM  THE  WASTE  OF  THE  CINCINNATI 

GEANTICLINE. 

In  the  American  Journal  of  Science  for  1897,  Professor  H. 
S.  Williams  states  his  belief  that  a  large  share  of  the  Black 
shale  material  was  derived  from  the  waste  of  the  Cincinnati 
geanticline,  that  the  Black  shale  mud  was  distributed  over  the 
area  where  Black  shale  depovsits  now  are  known  by  a  large  cur*- 
rent  similar  to  the  Florida  current,  which  is  a  branch  of  the 
Gulf  Stream.  In  the  area  between  the  Cincinnati  geanticline 
and  the  most  eastern  exposures  of  the  Black  shale  in  Virginia 
the  Black  shale  muds  of  the  Black  shale  series  are  believed  to 
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have  come  from  the  Cincinnatian  arch,  while  the  arenaceous 
sediments  belonging  to  this  series  are  believed  to  have  resulted 

c7         ~ 

from  the  disintegration  of  Archaean  rocks  farther  eastward, 
in  the  territory  to  which  Professor  Williams  applies  the  term 
Appalachia.  These  arenaceous  sediments  increase  in  quantity 
and  are  found  lower  in  the  Black  shale  section1  on  approaching 
the  land  edge  of  the  Appalachian  territory.  Toward  the  Cin- 
cinnati geanticline,  however,  the  deposition  of  black  shale  muds 
continued  for  a  much  longer  period. 

In  a  paper  on  the  Silurian  and  Devonian  limestones  of  Ten- 
nessee and  Kentucky,  published  in  1901,  the  writer  advocated 
the  idea  that  the  plastic  material  of  this  clay  might  have  had 
an  .ordgln  similar  to  those  deposits  of  loess  which  appear  to 
have  resulted  from  the  dissemination  of  wind-blown  dust  which 
found  its  final  lodgment  in  moist  areas,  swampy  lands,  or  shal- 
low seas  devoid  of  currents  strong  enough  to  sweep  these  light 
sediments1  away.  As  matters  stand  at  present,  this  theory  is 
founded  rather  upon  imagination  than  observation. 

It  is  evident  that  not  only  the  source  of  the  clastic  material 
of  the  Devonian  Black  shales,  but  also  the  source  of  the  exten- 
sive and  thick  deposits  of  the  fine-grained  Linietta  clay  at  the 
base  of  the  Waverly  series  requires  explanation.  Why  do  the 
Black  shales  contain  so  much  carbonaceous  material  and  the  Lin- 
ietta or  Bedford  shales,  of  east -central  Kentucky,  so  little?  What 
caused  the  abrupt  change  from  carbonaceous  to  non-carbon- 
aceous deposits?  If  the  Black  shale  deposits  were  formed  by 
muds  derived  from  the  disintegration  of  rocks  along  the  Cincin- 
nati geanticline,  was  the  source  of  the  Linietta  clays  not  the 
same? 

In  the  Richmond  folio,  published  in  1898,  Ma,rius  R.  Camp- 
bell refers  to  the  Irvine  clays  used  in  the  manufacture  of  pot- 
tery at  Waco  as  residual  clay  of  the  shale  member  of  the  Panola 
formation.  The  Panola  formation  includes  the  Silurian  de- 
posits of  east-central  Kentucky,  and  also  the  Devonian  lime- 
stones of  this  area.  The  shale  member  of  this  formation  in- 
cludes the  Alger  formation,  the  upper  part  of  the  Crab  Orchard 
division  of  the  Silurian.  These  clays  were  once  exposed  much 
farther  east  up  the  flanks  of  the  geanticline  than  at  pres-ent, 
so  that  the  statements  by  Mr.  Campbell  may  be  interpreted 
as  equivalent  to  saying  that  the  Irvine  clays  at  Waco  were  de- 
rived from  the  direction  of  the  Cincinnati  geanticline. 
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DETAILED  ACCOUNT   OF  SECTIONS  OF  SILURIAN 
AND  DEVONIAN  ROCKS  OF  EAST- 
CENTRAL  KENTUCKY. 


GENERAL  INDEX. 

A.  Sections  west  of  Stanford,   page   139. 

B.  Sections  between  Crab  Orchard  and  Stanford,  south  of  the  Louisville 

&  Nashville  Railroad,  page  142. 

C.  Sections  between  Crab  Orchard  and  Stanford,  north  of  the  Louisville 

&  Nashville  Railroad,  page  148. 

D.  Sections  east  and  northeast  of  Crab  Orchard,   chiefly  in  the  north- 

western corner  of  the  London  quadrangle,  page  152. 

E.  Sections  between    Crab    Orchard   and   Berea,   page    156. 

F.  Sections  between  Hammack  and   Lancaster,   page   163. 

G.  Sections  between  Berea  and  Whites,  page   165. 
H.    Sections  between  Berea   and   Brassfield,   page   168. 

I.     Sections  between  Irvine   and   Brassfield,   page    171. 
J.     Sections  between  Moberly,  Waco,  and  the  Kentucky  river,  page  178. 
K.    Sections  between  Indian  Fields,  Vienna,  and  Lulbegrud  creek,  page 

183. 

L.    Sections  between  Rightangle   and  Merritt,   page  189. 
M.    Sections  between    Indian    Fields,    Clay    City,    and    Lulbegrud    creek, 

page  191. 

N.  Sections  west  of  Indian  Fields,  along  the  railroad,  page  195. 
O.  Sections  between  Indian  Fields  and  Jeffersonville,  page  197. 
P.  Sections  between  Spencer  and  Olympia,  page  203. 

In  the  following  detailed  account  of  the  various  sections 
of  Silurian  and  Devonian  limestones  studied  in  east-central 
Kentucky  the  aim  has  been  to  enable  those  interested  to  learn 
precisely  what  deposits  may  be  found  at  each  locality  named. 
The  sections  described  have  been  selected  in  such  a  manner 
that  practically  the  entire  territory  between  Stanford  and 
Owingsville  where  Silurian  and  Devonian  deposits  are  known 
to  occur,  has  been  covered,  and  any  one  interested  in  any  special 
district  can  find  described  some  section  sufficiently  near  this 
district  to  enable  this  investigator  to  recognize  also  the  strata 
which  are  present  in  the  area  in  which  his  special  interest 
centers. 

West  of  Berea  the  subdivisions  of  the  Crab  Orchard  division 
of  the  Silurian  have  not  been  determined  definitely.  The  cor- 
relations indicated  in  the  descriptions  and  on  the  plates  of  sec- 
tions are  merely  provisional. 


138 


KENTUCKY   GEOLOGICAL   SURVEY. 


The  Dumber  given  at  the  beginning  of  each  section  described 
is  the  number  by  means  of  which  the  locality  is  designated  on 
the  accompanying  maps  and  sections.  The  letters  preceding 
the  hyphen  (-)  indicate  the  atlas  sheet  or  quadrangle  of  the 
Geologic  Atlas  of  the  United  States  on  which  the  number  is 
to  be  found,  and  the  letters  following  the  hyphen  (-)  indicate 
the  section  of  this  quadrangle  on  which  the  number  is  located, 
while  the  page  on  which  the  map  is  found  is  given  in  the  table 
below,  as  follows: 


H-SE 


CO-NE 


R-SW 


L-NW 


R-N 


R-M 


R-S 


R-NE 


R£ 


R-SE 


F1-5W 


B-NW 


B-W 


B-SW 


Fl-S 


B-N 


Diagram  indicating  relative  position  of  road  maps  accompanying  this  bulletin. 

Quadrangle.  Section.  Map  on 

Page 

CO-NE Crab  Orchard Northeast 140 

L-NW London Northwest 140 

H-S Harrodsburg South 140 

H-SE Harrodsburg Sc    .heacst 140 

R-SW Richmond Southwest. 155 

R-S ..Richmond South ; 167 

R-SE Richmond Southeast ' 173 

R-E Richmond East 173 

R-NE Richmond Northeast 185 

B-W Beattyville West 173 

B-NW Beattyville Northwest 193 

Fl-SW. .  . .  .Flemingsburg Southwest 202 


See  Index  of  Maps  and  Localities  at  the  end  of  this  Bulletin 
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A.   SECTIONS  WEST  OF  STANFORD. 

(Map  1,  page  140.) 

North  of  Junction  City,  three  quarters  of  a  mile  north  of  the 
railroad  crossing,  at  Duffin  cut. 

Black  shale. 

Rock  having  a  brecciated  appearance,  weathering 
brown,  containing  a  few  crinoid  stems  and  corals, 
the  weathered  surface  occasionally  showing  numer- 
ous small  quartz  concretions.  Sometimes  not  hav- 
ing the  brecciated  appearance,  and  then  well- 
bedded.  It  contains  fucoidal  markings.  This  layer 
may  conveniently  be  called  the  Duffin  layer.  It 
appears  to  Be  widely  distributed 6ft. 

Bluish  white  siliceous  limestone,  full  of  chert  layers 

and  concretions,  with  Devonian  corals 4ft.  Sin. 

Dense  bluish  white  limestone 6  in. 

Dense  bhiish  white  limestone,  with  chert,  and  with 

Cysti  phyll  um  2  ft.  4  in. 

Thin  shaly  limestone,  badly  weathered,  with  fenne- 

stelloid  bryozoans  and  other  fossils 4  in. 

White  dense  limestone,  with  abundant  chert  concre- 
tions of  small  size,  also  with  large  crinoid  stems 
at  top 2  ft. 

Dense  light  gray  limestone,  with  Reticularia  fimbriata, 
and  large  fucoidal  markings,  Taonurus  caudayalli, 
near  the  base,  and  with  fish  teeth  just  above  the 
base  2  ft.  6  in. 

Top  of  Ordovician,  Richmond  division. 

Clay  rock,  cracking  irregularly 7  ft. 

Fault  at  north  end  of  cut. 

Rock,  with  PlatystropJiia  li/n.r,  LnpJiospira  bowdcni, 
Lophospira  tropidophofa,  belonging  to  the  Mays- 
ville  division. 

52  H-S. — At  the  Buffalo  spring,  about  a  quarter  of  a  mile 
west  of  Stanford,  on  the  pike  to  Hustonville. 

Black  shale. 

Brecciated  or  Duffin  layer.  Total  thickness  of  De- 
vonian rock 11  ft. 

Devonian  faulted  against  the  Ordovician. 

Three  quarters  of  a  mile  southwest  of  the  Buffalo  spring, 
west  of  Stanford,  and  then  about  half  a  mile  northwest  of  the 
pike,  along  another  road. 

Here  six  feet  of  Devonian  limestone  is  exposed  beneath  the 
Black  shale.  The  total  thickness  is  unknown. 
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ROCKCASTL  '    COUNTY 


Map  1.    Map  of  area  between  Stanford,  Crab  Orchard  and  Lancaster. 
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Much  Devonian  chert  is  found  half  a  mile  south  of  the  pike, 
along  a  road  turning  off  a  short  distance  westward. 


B. — SECTIONS  BETWEEN  CRAB  ORCHARD  AND  STANFORD,  SOUTH 
OF  THE  LOUISVILLE  &  NASHVILLE  RAILROAD. 

(Figure   1,   plate  C,   page  141.) 

20  CONE.— Southwest  of  Crab  Orchard,  about  two  miles 
from  the  railroad  station,  east  of  the  road  leading  to  Chapel 
Hill,  east  of  the  east  fork  of  Cedar  creek,  near  the  bridge. 

The  thickness  of  the  Devonian  limestone  is  eleven  feet.  The 
contact  with  the  Black  shale  is  exposed. 

17  CO-NE. — Southwest,  of  Cra,b  Orchard,  about  three  miles 
in  a  direct  line  from  the  railroad  station;  reached  by  following 
the  Chapel  Hill  pike  almost  three  miles,  and  then  turning  off 
westward  along  a  road  which  crosses  the  main  fork  of  Cedar 
creek  about  a  mile  and  a  half  from,  the  pike. 

The  Black  shale  is  exposed  down  the  creek  for  a  considerable 
distance.  In  one  of  the  side  valleys  northeastward,  a  fine  spring 
issues  from  beneath  a  massive  exposure  of  Devonian  limestone, 
nine  feet  thick.  The  Crab  Orchard  clay  shale  (Alger  clay), 
along  the  upper  part  of  the  main  fork  of  Cedar  creek  (16  CO- 
NE) is  at  least  fifty  feet  thick.  The  total  thickness  is  not  ex- 
posed at  any  point  visited  so  far. 

19  CO-NE.— West  of  Crab  Orchard,  about  a  mile  and  a  half 
west  of  the  railroad  station,  along  the  county  road  a  short  dis- 
tance west  of  the  home  of  Gyrene  G.  Ware.  This  may  be  at 
the  'Same  locality  as  that  described  next. 

Here  the  total  thickness  of  the  Brassfield  bed,  to  the  top 
of  the  layer  containing  numerous  large  crinoid  beads,  is  thir- 
teen and  a  half  feet.  The  lower  part  of  the  section,  two  and  a 
half  feet  thick,  consists  of  massive  limestone,  while  the  over- 
lying part  consists  of  limestone  layers  of  moderate  thickness. 

18  CO-NE. — West  of  Crab  Orchard,  almost  two  miles  west 
of  the  railroad  station,  east  of  the  crossing  of  the  county  road 
over  a  small  branch  of  Cedar  creek. 

The  contact  between  the  Silurian  and  Ordovician  is  ex- 
posed. Of  the  Silurian,  the  lower  part,  twenty-three  to  twenty- 
five  feet  thick,  is  seen;  this  includes  the  more  massive  Brass- 
field  bed  at  the  base,  and  the  more  clayey  beds  with  more  or 
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less  intercalated  limestone  (Indian  Fields  formation)  immedi- 
ately above.  The  (Silurian  limestones  have  weathered  to  a  rusty 
brown.  In  the  upper  part  of  the  Brassfield  bed,  the  following 
fossils  were  found:  Orthis  flabellites,  Platystrophia  daytonen- 
sis,  Lept&ena  rlwniboidalis,  (JyathopJiyllum  daytonensis,  and 
Cyathophylluiii  calyculum. 

15  CO-NE. — West  of  Cedar  creek,  along  the  county  road, 
the  base  of  the  Silurian  section  is  formed  by  the  more  massive 
limestone,  eight  and  a  half  feet  thick,  belonging  to  the  Brass- 
field  bed.  This  is  overlaid  by  softer  rock,  about  three  feet  thick, 
followed  by  more  solid  limestone,  probably  belonging  to  the 
horizon  which  elsewhere  contains  the  large  crinoi.d  beads.  Ten 
feet  above  this  level,  and  for  some  distance  farther  -west  also 
at  higher  levels,  there  is  a  whitish  clay  occupying  the  horizon 
of  the  Crab  Orchard  clay  shale,  but  resembling  the  clays  of 
the  Irvine  formation. 

14  CONE. — West  of  Crab  Orchard,  about  three  miles  in  a 
direct  line  from  the  railroad  station,  along  the  county  road  east 
of  a  branch  of  Cedar  creek,  at  the  home  of  Abel  Bryant. 

The  following  section  is  exposed,  described  in  descending 
order : 


Thickness. 

Total 
from  base  of 
section. 

Crab  Orchard  clay  shale  (Estill  and  Waco  horizons)  .... 
Massive  limestone  layer  .... 

35ft. 
2  ft 

64  ft.  2  in. 
29  ft  2  in. 

Clay  (Lulbegrud  clay)  

6ft. 

27  ft.  2  in. 

Chiefly  limestone,  with  some  interbedded  clay  (top  of 
Oldham  horizon)  

2ft. 

21  ft.  2  in. 

Poorly  exposed  

1  ft.  6  in. 

19  ft.  2  in. 

Solid  limestone  layer  

8  in. 

17  ft.  8  in. 

Poorly  exposed  (Plum  creek  clay)     

5ft. 

17ft. 

Limestone,  large  crinoid  beads  at  base       

1  ft. 

12ft. 

More  massive  limestone,  belonging  to  the   Brassfield 
bed    

lift. 

lift. 

Top  of  Ordovician. 

The  following  is  a  more  detailed  description  of  part  of  this 
section,  also  in  descending  order: 
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Thickness. 


Total 

from  base  of 
section. 


Reddish  brown  limestone 1  ft.  6  in.      30  ft.  1  in. 

Soft  blue  Lulbegrud  clap 5  ft.           j  28  ft.  7  in. 

Light  brown  limestone,  at  top  of  Oldham  bed ;  4  in.  v  23  ft  7  in. 

Blue  clay 6  in.  ,  23  ft.  3  in. 

Limestone  '  6  in.  j  22  ft.  9  in. 

Ciay  and  thin  limestone j  2  ft.            '  22  ft.  3  in. 

Reddish  brown  limestone,  at  basa  of  Oldham  bed 3  in.      20  ft.  3  in. 

Plum  Creek  clay  and  rotten  rubble  stone :  5  ft.              20  ft. 

Hard,  reddish  brown  limestone 2  ft.           I  15  ft. 

Horizon  with  large  crinoid  beads 

Reddish  brown  stone,  belonging  to  the  Brassfleld  bed..!  lift.              13ft. 

Massive    limestone ;  2  ft.                2  ft. 

Top  of  Ordovician. 


The  differences  between  these  records  are  due  to  changes  in 
the  exposure,  eight  years  having  intervened;  the  dropping  of 
the  limestone  layers,  owing  to  the  washing  out  of  clay  along 
the  roadside,  obscures  different  parts  of  the  sections  at  different 
times. 

13  CONE.— West  of  Crab  Orchard,  almost  three  and  a  half 
miles  in  a.  direct  line  from  the  railroad  station,  west  of  a  branch 
of  Cedar  creek,  east,  of  the  home  of  George  Boone. 

Devonian  brachiopods  are  found  m  the  red  soil  along  the 
road.  Northeast  of  the  house,  at  the  spring,  the  thickness  of 
the  "Devonian  limestone  is  about  eight  and  a  half  feet. 

12  CONE. — About  a  quarter  of  a  mile  farther  west,  the  fol- 
lowing section  is  exposed,  described  in  descending  order: 


Thickness. 


Total 

above  base 
of  section. 


Devonian  limestone. 

Crab  Orchard  clay  shale  (Estill  and  Waco  horizons)..  20ft           |  47.5ft. 

Massive    limestone    layer 2  ft.           ;  27 . 5  ft. 

Clay,  poorly  exposed  (Lulbegrud  clay) l  5  ft.  6  in.  •  25.5ft. 

Limestone,  at  top  of  Oldham  horizon J  1  ft.  6  in.      20  ft. 

Chiefly  clay  (chiefly  Plum  Creek  clay) >  6  ft.  6  in.  !  18.5  ft 

It  is  estimated  that  the  base  of  the  Brassfield  bed  is  at 
least  twelve  feet  farther  down,  but  this  part  of  the  I 

section  is  not  exposed '  I  12  ft. 
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11  CO-NE.— West  of  Crab  Orchard,  a  little  less  than  four 
miles  west  of  the  railroad  station,  along  the  county  road,  then 
south  along  a  road  leading  to  Cox  gap. 

A  short  distance  up  this  road  the  contact  between  the  Black 
slate  and  the  Devonian  limestone  is  seen.  The  thickness  of 
this  limestone  is  eleven  and  a  half  feet.  The  top  is  dark  brown 
and  has  a  sort  of  brecciated  appearance.  The  underlying  part 
contains  Bpirifers  and  Atrypa  reticularis.  A  considerable  thick' 
ness  of  the  more  continuous  part  of  the  Crab  Orchard  clay  shale 
is  exposed  beneath  the  Devonian  limestone.  This  was  estimated 
at  the  time  of  the  visit  to  be  aibout  thirty-five  feet  thick,  but 
this  estimate  is  probably  too  large,  in  view  of  the  carefully 
measured  sections  along  the  county  road.  This  section  requires 
further  study.  Some  fairly  well  stratified  rock  is  stated  in 
former  notes  to  underlie  the  Devonian  limestone,  but  no  rock  of 
this  description  is  known  in  the  more  continuous  part  of  the 
Crab  Orchard  shales;  possibly  it  also  belongs  to  the  Devonian 
limestone  section,  which  at  this  locality  may  be  of  unusual 
thickness. 

10  CO-NE. — West  of  Crab  Orchard,  about  four  miles  in  a 
direct  line  from  the  railroad  station,  along  the  county  road, 
west  of  a  branch  of  Cedar  creek,  at  the  home  of  William 
Pleasants. 

The  thickness  of  the  exposed  part  of  the  Devonian  limestone 
is  six  and  a  half  feet.  The  total  thickness  is  not  known.  Im- 
mediately below,  the  upper,  more  continuous  Crab  Orchard  clay 
shales  are  exposed,  eleven  feet  thick. 

9  CO-NE. — West  of  Crab  Orchard,  about  four  and  a  quarter 
miles  in  a  direct  line  from  the  railroad  station,  along  the  county 
road,  half  a  mile  east  of  the  point  at  which  the  road  turns 
sharply  northward. 

The  contact  between  the  Black  shale  and  the  Devonian  lime- 
stone is  exposed.  The  limestone  is  a  very  dark  grayish  blue, 
like  the  lower  part  of  the  Devonian  at  Duffin  cut.  The  exposed 
part  is  two  feet  four  inches  thick,  but  its  total  thickness  is  esti- 
mated at  five  feet.  The  Devonian  limestone  rests  on  clayey 
shale,  seven  and  a  half  feet  thick,  belonging  probably  to  the 
more  continuous  part  of  the  Crab  Orchard  clay  shales.  Im- 
mediately below  there  is  a  considerable,  exposure  of  the  under- 
lying Silurian  rocks,  but  their  thickness  was  not  determined. 
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8  CO-NE.— West  of  Crab  Orchard,  about  four  and  a  half 
miles  in  a  direct  line  from  the  railroad  station,  along  the  county 
road,  west  of  a  point  at  which  the  road  turns  off  toward  the 
north. 

The  base  of  the  Devonian  limestone  rests  upon  a  layer  of 
reddish  brown  limestone,  two  feet  thick,  which  is  believed  to 
be  the  massive  layer  at  the  base  of  the  more  continuous  part  of 
the  Crab  Orchard  clay  shales  (at  top  of  the  Lulbegrud  clay). 
Of  the  Devonian  limestone  only  the  lower  part,  three  feet  thick, 
is  exposed,  but  the  total  thickness  is  estimated  at,  at  least, 
six  feet 

7  CO-NE. — West  of  Crab  Orchard,  about  five  miles  from  the 
railroad  station,  along  the  county  road,  where  the  road  turns 
sharply  northward,  northwest  of  the  home  of  James  Thomas 
Bailey. 

Here  the  following  section  is  presented,  described  in  de- 
scending order: 

Black  slate. 

Red  clay,  resulting  from  the  decay  of  Devonian  lime- 
stone    1  ft 

Clay    1  ft 

Clayey  limestone 4  in. 

Clay  at  base   of  Plum  creek  horizon 1ft. 

Massive  limestone  (base  of  Crab  Orchard  division) ...     1  ft    6  in. 

Limestone,  with  large  crinoid  beads  in  lower  part....     1ft 

Limestone  belonging  to   the  Brassfield  bed 11  ft. 

Upper  beds  of  Richmond  division  of  the  Cincinnatian 

series  of  the  Ordovician.  base  not  seen 40ft. 

The  Brassfield  bed  at  this  locality  is  quite  crinoidal,  althougH 
the  fragments  of  crinoid  stems  show  that  the  diameters  of  the 
stems  are  small. 

6  CO-NE. — Southeast  of  Hall  Gap  station,  about  one  mile 
from  the  station,  at  the  school  at  the  road  corner  a  little  over 
half  a  mile  north  of  James  Thomas  Bailey,  on  the  county  road 
leading  west  from  Crab  Orchard. 

The  thickness  of  the  Richmond  beds'  exposed  here  is  at  least 
one  hundred  feet,  but  the  base  of  the  Richmond  section  is  not 
seen. 

5  CO-NE. — South  of  Hall  Gap  station  about  one  mile,  and 
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then  a  quarter  of  a  mile  east  on  the  county  road  leading  west 
from  Crab  Orchard. 

Below  the  Black  slate  there  is  red  clay  resulting  from  the 
decay  of  limestone.,  evidently  of  Silurian  age.  Ordovician  rock 
is  found  north  of  the  Black  shale  exposure,  apparently  sep- 
arated from  the  latter  by  a  fault. 

4  CONE. — A  little  over  a  quarter  of  a  mile  westward,  north 
of  the  road  corner,  the  Black  shale  rests  upon  rock  too  decayed 
to  be  recognizable,  twelve  feet  thick.  Immediately  below,  the 
top  of  the  Ordovician  is  exposed.  The  greater  part  of  the  de- 
cayed rock  is  believed  to  belong  to  the  Brassfield  bed1;  in  case 
the  'Devonian  is  very  thin  or  absent,  it  may  include  all  of  the 
Brassfield  bed  up  to  the  level  of  the  layer  containing  the  large 
crinoid  beads.  No  silicifled  Devonian  fossils  were  found  in  the 
upper  part  of  this  decayed  rock.  Apparently  the  Devonian  is 
absent  at  this  locality,  and  as  far  west  as  Neal  creek  church. 

3  CO-NE. — A  mile  west  of  the  last  locality  is  another  ex- 
posure showing  the  base  of  the  Black  shale.  It  is  reached  by 
going  from  Hall  Gap  station  less  than  a  mile  south,  then  almost 
a  mile  west  to  the  Hall  Gap  pike,  and  finally  north  along  this 
pike  almost  half  a  mile  to  a  point  south  of  the  blacksmith  shop. 
The  Brassfield  bed  is  exposed  along  th^  road  north  of  the  shop. 
But  very  little  of  the  rock  can  b'e  seen. 

2  CO-NE. — Less  than  half  a  mile  north  of  the  last  exposure, 
a  road  turns  off  from  the  pike  in  a  southwesterly  direction; 
about  half  a  mile  from  the  pike,  a  short  distance  before  reaching 
Hale's  well,  the  base  of  the  Black  shale  is  separated  from  the 
top  of  the  Ordovician  by  an  unexposed  interval,  six  feet  thick, 
believed  to  be  formed  by  the  decay  of  the  lower  part  of  the  Brass- 
field  bed. 

1  CO-NE. — Northwest  of  Hale's  well,  about  one  mile  in  a 
direct  line,  and  about  three  miles  south  of  Stanford,  along  Neal 
creek,  below  Neal  creek  church. 

A  short  distance  east  of  the  church,  the  Black  shale  rests, 
on  the  B'rassfield  bed.  The  thickness  of  the  bed  preserved  at 
this  locality  is  eight  and  a  half  feet.  Only  the  lower  part  of 
the  bed  is  present,  the  top  layer  with  the  large  crinoid  beads 
and  Whitfielctella  ci/Undrica-siibc/naflrala  not  being  preserved. 
As  in  the  sections  farther  eastward,  this  lower  part  of  the 
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Brassfield  bed  consists  of  rather  massive  limestones,  the  upper 
part  of  the  exposure  being-  more  distinctly  bedded.  Where  less 
weathered,  in  the  creek,  the  rock  has  a  bluish  color.  On  the 
banks,  where  more  weathered,  its  color  is  rusty  brown.  Some 
of  the  layers  are  sparingly  crinoidal,  but  with  crinoid  stems  or 
segments  of  stems  of  small  diameter.  The  lowest  layer  of  the 
Brassfield  bed  includes  numerous  rounded,  black  pebbles-  and 
grains,  possibly  phosphatic,  varying  in  size  from  an  eighth  to 
a  quarter  of  an  inch;  a  few  equal  even  as  much  as>  an  inch  in 
diameter.  Immediately  below,  the  top  of  the  Ordovician  is  ex- 
posed. 

The  upper  part  of  the  Brassfield  bed  exposure  contains  the 
following  fossils:  Orthis  fktbelltieg,  Dalmanella  elegantula, 
Strophoruella  daytonen&is,  Pachydictya  bifurcata,  Halysites  ca- 
tenulatus,  Fwvosites  niagarensis,  Cyaihophifllum  calyculum. 
The  fossils  are  most  frequent  in  front  of  the  home  of  John 
Raines. 

This  is  the  most  western  exposure  of  the  Brassfield  bed  om 
the  eastern  side  of  the  Cincinnati  geanticline,  in  central  Ken- 
tucky. 

C. — SECTIONS  BETWEEN  CRAB  ORCHARD  AND  STANFORD,  NORTH 
OF  THE  LOUISVILLE  &  NASHVILLE  RAILROAD. 

(Figures  3,  4,  5,  plate  C,  page  141.) 

22  CO-NE. — At  the  western  end  of  Crab  Orchard,  immedi- 
ately north  of  the  road  following  the  railroad,  at  the  .head  of  a 
small  gully. 

Immediately  belew  the  Black  shale  is  a  layer  of  brownish 
rock,  eight  inches  thick,  equivalent  to  the  Duffin  layer.  The 
underlying  rock,  two  feet  thick,  contains  masses  of  calcite, 
minute  but  distinct  grains  of  quartz,  and  a  few  corals.  The 
remainder  of  the  Devonian  limestone  section  is  sixteen  feet 
thick;  it  is  well  stratified,  and  can  readily  be  quarried.  At  the 
base  of  this  section,  for  a  distance  of  three  feet,  the  rock  is 
white,  solid,  and  crinoidal.  The  overlying  part  is  more  brown- 
ish or  dark  gray.  Silicified  corals  have  weathered  out  from 
layers  at  the  top  of  the  Devonian  limestone  section.  The  total 
thickness  of  the  Devonian  limestone  exposed  is  about  nineteen 
feet.  The  contact  between  the  Devonian  and  Silurian  can  not 
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be  seen,  but  is  probably  immediately  below  the  crinoidal  lime- 
stone. 

In  the  crinoidai  layers  at  the  base  of  the  section,  crinoid 
stems  of  considerable  thickness  are  found.  Immediately  above 
these  crinoidal  layers,  several  Spirifers  with  hingelines  three 
and  a  half  inches  long  were  seen.  The  overlying,  well  strati- 
fied beds  are  almost  devoid  of  fossils. 

21  CONE. — West  of  Crab  Orchard  station,  where  the  road 
along  the  northern  side  of  the  railroad  turn®  northward,  a  little 
over  two  miles  west  of  the  station. 

Along  the  railroad  there  is  an  excellent  exposure  of  the 
'Devonian  limestone,  sixteen  and  a  half  feet  thick.  The  top  of 
the  limestone  section,  immediately  below  the  Black  shale,  for 
a  thickness  of  thirty  inches,  consists  of  the  brecciated  or  Duffin 
layer.  Beneath  this,  there  is  a  bluish  layer,  three  feet  thick. 
The  lower  part,  eleven  feet  thick,  consists  of  well  stratified 
layers  of  gray,  argillaceous-looking  limestone.  No  part  of  the 
Devonian  limestone  section  is  crinoidal.  In  general  the  rock 
resembles  the  lower  part  of  the  Devonian  limestone  section  at 
Junction  City.  Below  the  Devonian,  limestone,  at  the  western 
end  of  the  railroad  cut,  the  Crab  Orchard  clay  shales  (Alger 
clay)  are  well  exposed. 

A  salt  well  was  formerly  worked  in  the  fields  southwest  of 
the  railroad  in  the  Crab  Orchard  shales. 

31-32  CO-NE.— Northwest,  of  Crab  Orchard,  about  two  and 
a  half  miles  from  the  center  of  the  village  along  the  pike  to 
Stanford,  from  the  first  road  east  of  Cedar  creek  turning  off 
toward  the  northj  to  the  road  turning  off  south  toward  the 
railroad  cut. 

At  the  top  of  the  section,  eastward,  Devonian  corals  are 
found  in  red  soil  formed  by  the  decay  of  the  Devonian  limestone. 
Below  this  red  soil  the  following  strata  are  found^  in  descend- 
ing order: 

Crab  Orchard  clay  shale  (Estill  and  Waco  horizons) . .  66  ft. 

Massive  limestone   layer 1ft.    3  in. 

Chiefly  clay  (Lulbegrud  clay) 6ft.     Gin. 

Limestone  layers,  poorly  exposed,  base  not  seen 2ft. 

Im  this  section  no  account  is  taken  of  the  eastward  dip  of 
the  strata.  The  thickness  of  the  Crab  Orchard  clay  shales 
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(Alger  clay)    above  the  massive  limestone  probably   exceeds 
eighty  feet  at  this  locality. 

29  CONE. — Northwest  of  Crab  Orchard,  three  miles  from 
center  of  village,  along  first  road  east  of  Cedar  creek  turning 
north  from  pike  to  Stanford,  about  a  mile  north  from  the  Stan- 
ford pike. 

The  Brassfield  bed  is  exposed  at  the  top  of  the  hill,  before 
descending  into  the  valley  of  Cedar  creek.  The  upper  part  of 
the  Richmond  division  of  the  Cincinnatian  series  of  Ordovician 
rocks,  ninety  feet  thick,  isi  found  immediately  beneath,  while 
farther  northward  the  Maysville  bed  is  exposed,  probably  sep- 
arated by  a  fault.  At  the  top  of  the  Maysville  bed  Platystrophia 
lynx  is  present, 

28  CO-NE. — Northwest  of  Crab  Orchard,  about  three  miles 
from  the  center  of  the  village,  east  of  the  crossing  of  the  pike 
to  Stanford  over  Cedar  creek. 

North  of  the  pike  the  following  section  is  exposed,  described 
in  descending  order: 


Thickness. 


Elevation 
above  base 
of  section. 


Top  of  limestone  layer. 

Interval   3  ft. 

Sandy  limestone  layer,  massive 8  in. 

Poorly  exposed,  chiefly  clay  (Plum  creek  horizon) 5  ft.  6  in. 

Massive  sandy  limestone,  with  large  crinoid  beads....  2ft. 

Soft  rock,  poorly  exposed !  2  ft. 

Massive  limestone,  sandy  at  top 2  ft. 

Soft  rock,  poorly  exposed |  1  ft.  6  in, 

Limestone,  in  layers,  belonging  to  the  more  massive 

part  of  the  Brassfield  bed 1  3  ft.  4  in, 

Massive  limestone,  belonging  to  the  Brassfield  bed !  4  ft.  4  in 

Top  of  Ordovician. 


24  ft.  4  in. 
21  ft.  4  in. 
20  ft.  8  in. 
15  ft.  2  in. 
13  ft.  2  in. 
11  ft.  2  in. 
9  ft.  2  in. 

7  ft.  8  in. 
4  ft.  4  in. 


TThe  layer  containing  the  large  crincid  beads  appears  to  be- 
long to  a  very  constant  horizon,  at  the  top  of  the  Brassfield  bed. 
Some  of  the  crinoid  beads  have  a  diameter  of  three  quarters  of 
an  inch.  Whit  ft  eld  cl  la  cylindrica-siib  quadrat®  and  Leptaena, 
rhomboid  alls  occur  in  the  upper  part  of  the  sandy  limestone 
containing  the  crinoid  beads. 

In  the  bottom  of  Cedar  creek  valley,  on  the  south  side  of 
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the  pike,  rock  is  exposed  dipping  southward  at  angles  varying 
from  twenty  to  thirty-five  degrees. 

27  GONE. — Northwest  of  Crab  Orchard,  about  three  and 
a  half  miles  from  the  center  of  the  village,  west  of  Cedar  creek, 
at  the  southeastern  corner  of  a  hill  north  of  the  pike. 

Here  the  following  section  is  exposed,  described  in  descend- 
ing order: 

Massive  limestone  layer 1  ft. 

Softer  rock 3  ft.     6  in. 

More  massive  limestone,  belonging  to  the  Brassfield 

bed  10  ft. 

Ordovician  rock  of  Richmond  age,  total  Richmond  sec- 
tion not  exposed 70  ft. 

The  limestone  layer  at  the  top  of  the  siection  belongs  strati- 
graphically  to  the  WMtfieldella  horizon,  at  the  top  of  the  Brass- 
field  bed. 

23  CONE.— Northwest  of  Crab  Orchard,  along  the  pike 
to  Stanford,  about  an1  eighth  of  a  mile  northwest  of  Walnut 
Flats,  five  miles  from  the  center  of  Crab  Orchard. 

Here  the  layer  containing  the  large  crinoid  beads,  at  the 
top  of  the  Brassfield  bed,  is  exposed.  The  rock  has.  a  strong 
southward  dip.  The  underlying1  massive  part  of  the  Brasisfield 
bed  is  exposed,  but  not  in  such  a  manner  that  the  total  thickness 
of  this  bed  can  be  determined.  Faulting  appears  to  have  taken 
place;  the  rock  forms  a  poor  exposure  along  the  northern  side 
of  the  pike,  and  only  a  thickness  of  six  feet  can  be  determined 
with  confidence.  However,  the  original  thickness1  of  the  bed 
was  probably  about  ten  to  thirteen  feet,  as  elsewhere  in  this 
part  of  the  State. 

24  CO-NE. — Three  quarters  of  a  mile  southeast  of  the  Wal- 
nut Flats,  the  elevation  of  the  Brassfield  bed  is  fully  eighty 
feet  above  the  exposure  of  this  bed  northwest  of  Walnut  Flats. 
From  the  more  eastern  locality,  the  Clinton  or  Brassfield  bed 
dips  rapidly  toward  Cedar  creek.     The  probability  is  that  the 
series  of  faultsi  which  cross  the  country  north  of  Harmon  creek 
connect  with  others  following  the  same  geueral  direction  in 
the  vicinity  of  the  Walnut  Flats. 

The  base  of  the  Brassfield  bed,  three  quarters  of  a  mile  south- 
east of  the  Walnut  Flats  (25-OO-NE)  is  one  hundred  feet 
higher  than  the  base  of  the  same  bed  about  half  a  mile  west  of 
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Cedar  creek,  and  130  feet  higher  than  the  base  of  this  bed  east 
of  Cedar  creek.  The  layer  with  large  crinoid  beads  is  exposed 
half  a  mile  west  of  the  creek,  west  of  the  culvert. 

1  H-SE. — East  of  Stanford  three  miles,  on  the  pike  to  Crab 
Orchard,  west  of  the  point  at  which  the  road  to  Preachersville 
turns  off,  north  of  the  pike. 

Whitfieldella  cyUndriea-subquadratd  occurs;  in  loose  blocks; 
a  little  limestone  belonging  to  the  Brassfield  bed  is  exposed. 
There  is  plenty  of  chert  weathered  out  from  the  Devonian  lime- 
stone immediately  above  the  limestone  blocks,  belonging  to  the 
Brassifield  bed.  The  Crab  Orchard  clay  shales  appear  to  have 
been  removed  before  the  deposition  of  the  Devonian. 

D. — SECTIONS  EAST  AND  NORTHEAST  OF  CRAB  ORCHARD,  CHIEFLY 
IN  THE  NORTHWESTERN  CORNER  OF  THB  LONDON  QUADRANGLE. 

(Figures  2,  3,  plate  C,  page  141.) 

1  L-NW. — Southeast  of  Crab  Orchard,  a  little  over  a  mile 
from  the  railroad  station,  north  of  the  pike  north  of  the  rail- 
road, east  of  a  branch  of  Pladesj  creek,  near  the  home  of  Bill 
Monk. 

The  contact  between  the  Black  shale  and  the  Devonian  lime- 
stone is  seen  along  the  pike.  The  top  of  the  Devonian  lime- 
stone section  consists,  of  a  fine-grained,  brownish  rock,  not  well 
exposed,  possibly  three  feet  thick,  equivalent  to  the  Duffin  layer. 
As  usual,  it  contains  very  few  fosisils. 

Immediately  below,  massive,  white  limestone,  eleven  feet 
thick,  is  exposed.  The  rock  contains  numerous  specimens  of 
corals,  and  also  a  few  brachiopods,  evidently  of  Devonian  age, 
however  not  in  a  condition  favorable  for  collecting.  The  lower 
part  of  the  section,  five  feet  thick,  is  crinoidal. 

The  total  thickness  of  the  Devonian  limestone  exposed  is 
about  fourteen  feet.  The  contact  of  the  Devonian  with  the 
Silurian  can  not  be  seen  at  this  locality. 

2  L-NW. — East  of  Crab  Orchard,  less  than  two  miles  in  a 
direct  line  from  the  railroad  station,  reached  by  following  the 
road  to  Bill  Monk's  house,  and  then  turning  off  northeastward 
for  a  distance  of  three  quarters  of  a  mile,  at  the  bluff  on  the 
south  side  of  the  valley  of  Dix  river. 

The  Black  slate,  overlies  Devonian  limestone,  fifteen  and  a 
half  feet  thick.  About  four  and  a  half  feet  above  the  base  of 
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the  limestone,  'Atrypa  rct'icularis,  a  large  Devonian  Spirifer, 
and  some  corals  are  found.  The  limestone  occurs  in  layers  one 
to  two  feet  thick;  it  is  not  crinoidal.  In  the  upper  part,  corals 
occur. 

3  L-NW. — Southeast  of  Crab  Orchard,  a  little  over  two  miles 
from  the  railroad  station,  along  the  pike  north  of  the  railroad 
where  crossed  by  a  small  stream  emptying  into  Dix  river,  near 
the  home  of  Mr.  Howard. 

The  contact  between  the  Black  shale  and  the  Devonian  lime- 
stone is  seen.  Of  the  Devonian  limestone  a  thickness  of  about 
thirteen  feet  is  exposeol,  but,  the  total  thickness  may  be  greater 
since  the  contact  between  the  Devonian  and  Silurian  can  not 
be  seen  at  this  locality. 

The  lower  part  of  the  section,  four  feet  thick,  contains  small 
Spirifcrs  and  other  braehiopods.  Immediately  above  this, 
brachiopod  horizon  specimens  resembling  Taonurus  caudagalli 
are  abundant 

38  CO-NE. — At  the  northeastern:  edge  of  Cra.b  Orchard,  about 
a  quarter  of  a  mile  from  the  center  of  the  village,  along  a  road 
turning  off  at  the  school  in  the  northern  part  of  Crab  Orchard. 

The  thickness  of  the  Devonian  limestone  at  this  locality  is. 
nine  feet.  The  contact  with  the  Black  shale  is  exposed. 

5  L-NW. — Northeast  of  Cral>  Orchard,  about  a  mile  and 
three  quarters  in  a  direct  line  from  the  center  of  the  village,  at 
the  bluff  north  of  Dix  river,  half  a  mile  south  of  Fall  Lick  creek, 
south  of  the  road. 

The  thickness  of  the  Devonian  limestone  is  ten  and  a  half 
feet.  The  base  of  the  'Devonian  rests  upon  the  more  continuous 
part  of  the  clay  shales,  forming  the  Estill  clay  division  of  the 
Crab  Orchard  bed.  The  top  of  the  Crab  Orchard  clay  shale  is 
about  ninety  feet  above  the  bed  of  the  creek;  sinee  the  lime- 
stone layers  belonging  to  the  Oldham  and  Brassfield  beds  are 
not  exposed  in  the  bottom  of  the  creek,  the  thickness  of  the 
more  continuous  Crab  Orchard  clay  shales  is  estimated  at  more 
thn  ninety  feet. 

6  L-NW. — About  three  quarters  of  a  mile  in  a  direct  line 
northeast  of  the  last  locality,  the  contact  of  the  Black  shale  with 
the  Devonian  limestone  is  seen.  The  locality  is  about  a  fifth 
of  a  mile  east  of  the  point  where  a  road  turns  off  northwest- 
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Map  2.    Map  of  area  between  Crab  Orchard,  Hammack,  Berea  and  Paint  Lick. 
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ward  and  joins  the  road  following  the  upper  part  of  Fall  Lick 
creek. 

7  L-NW. — About  half  a  mile  in  a  direct  line  northeast  of  the 
last  locality,  and  a  quarter  of  a  mile  before  reaching  Fall  Lick 
creek,  the  thickness  of  the  Devonian  limestone  is  only  six  feet. 
Its  base  is  thirty-five  feet  above  the  level  of  the  creek,  and  the 
interval  is  occupied  by  the  top  of  the  Estill  clay  division  of 
the  Crab  Orchard  clay  shale.  The  top  layer  of  the  Devonian 
limestone,  four  inches  thick,  has  a  brecciated  appearance,  and 
corresponds  to  the  Duffin  layer. 

E. — SECTIONS  BETWEEN  CRAB  ORCHARD  AND  BEREA. 

(Figures  2,  5,  plate  C,  page  141;   figures  1,  2,  4,  plate  D,  page  154.) 

34  CO-NE.— North  of  Crab  Orchard,  along  the  pike  to 
Preachersville,  about  a  mile  and  a  quarter  from  the  center  of 
the  village. 

The  contacts  between  the  Black  slate  and  the  Devonian, 
and  between  the  Devonian  and  the  Silurian  are  well  exposed. 
The  total  thickness  of  the  Devonian  limestone  is  twelve  feet. 
At  the  top  of  the  section,  for  a  distance  of  four  inches,  the  rock 
is  gray,  and  has  a  brecciated  appearance.  This,  is  equivalent 
to  the  Duffin  layer.  Immediately  below,  the  rock  is  weathered 
to  a  reddish  brown,  and  a  number  of  Devonian  corals  have 
wreathered  out.  Northward,  in  the  fields  west  of  the  pike,  the 
Alger  clay  division  of  the  Crab  Orchard  shales  are  well  exposed. 
The  Clinton  or  Bra.ssfield  limestone  is  found  at  the  bridge  across 
Dix  river. 

34-35  CO-NE.— North  of  Crab  Orchard,  along  the  pike  to 
Preachersville,  about  a  mile  and  a  quarter  from  the  center  of 
the  village. 

The  contact  between  the  Devonian  limestone  and  the  Alger 
clay  division  of  the  Crab  Orchard  clay  shales  is  seen  along  the 
pike.  In  a  gully  along  the  western:  side  of  the  pike,  the  Crab 
Orchard  shale  is  exposed  for  a  distance  of  sixty-five  feet  belo\v 
the  'Devonian  contact.  At  the  base  of  the  section  a  salt  well 
goes  still  deeper  into  the  Crab  Orchard  shale.  The  total  thick- 
ness of  the  Crab  Orchard  shales  is  unknown,  but  the  top  of  the 
section  is  about  seventy-six  feet  above  the  level  of  the  bridge 
across  Dix  river. 
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36  CO-NE. — At  the  bridge,  a  section  consisting  of  limestone 
alternating1  with  clay  rock,  five  feet  thick,  is  exposed.     At  the 
top  of  this  section  there  is  a  layer  of  solid  limestone,  ten  inches 
thick,  and  at  the  bottom  are  two  layers-  of  limestone  having  a 
total  thickness  of  about  eight  inches,  but  the  middle  part  con- 
tains considerable  clay,  and  probably  is  equivalent  to.  the  Plum 
creek  clay  layer.    Below  thisi  section  there  is  a  layer  of  massive 
limestone,  a  foot  and  a  half  thick.    The  underlying  limesitone 
has  a  more  sandy  appearance,  and  contain'S  large  crinoid  beads 
and  specimens  of  Whitfieldcllai  oylindrit'cirS'iiliqiMulrata.     This 
~\Vhitfieldella  layer  is  a  very  constant  horizon)  and  forms  the 
top  o.f  the  more  continuous,  limestone  section,  the  Brassfield 
bed,  in  thisi  part  of  Kentucky. 

North  of  the  bridge,  a  thick  layer  of  limestone  is  found  ten 
feet  above  the  level  of  the  bridge.  About  a  quarter  of  a  mile 
north  of  the  bridlge,  where  the  steeper  part  of  the  hill  begins, 
this  massive  limestone  laver  is  well  exposed  about  thirty-nine 
feet  above  the  level  of  the  bridge.  The  rock  apparently  dips 
southward.  It  was  not  struck  by  the  salt  well  at  the  foot  of 
the  Crab  Orchard  shales  in  the  section  here  described.  It  is?  prob- 
able that  the  total  thicknesis  of  the  Crab  Orchard  shales  above 
this  massive  limestone,  including  the  Estill  a-ndi  Waco  horizons, 
equals  at  least  one  hundred  feet.  The  distance  of  this  lime- 
stone above  the  Whitfleldella  layer  can  not  be  determined  at  this 
locality  with  certainty. 

37  OO-XE. — About  half   way  between   Crab  Orchard   and 
Preachersville,  along  the  pike,  between  the  bridges1  over  Dix 
river  and  Drake  creek,  the  Clinton  or  Brassfteld  bed  is  exposed 
at  several  localities  west  of  the  pike.    Faulting  has  taken  place, 
with  the  downthrow  on  tlie  southern  side.     There  is  evidence 
of  faulting  also  north  of  Drake  creek,  where  the  Brassfleld  bed 
is  about  one  hundred  feet  above  Drake  creek.    Xo  study  of  the 
direction  of  these  faults  or  the  amount  of  throw  of  the  beds 
affected  has  been  made  as  yet. 

4  H-SE. — Several  faults  occur  also  less  than  a  mile  north- 
east of  that  part  of  the  pike  from  Crab  Orchard  to  Preachers- 
ville which  lies  between  the  bridges  over  Dix  river  and  Drake 
creek.  These  faults  lie  about  three  miles  southwest  of  Ham- 
mack,  and  may  be  reached  by  following  the  road  east  from 
Preachers\;ille.  At  the  northern  end  rf  the  series,  of  faults.,  on 
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the  southern  side  of  Drake  creek,  along  the  steep  ascent  of  the 
hill,  there  is  a  considerable  exposure  of  the  Maysville  or  Middle 
division  of  the  Cineinnatian  series  of  rocks,  but  only  about  half 
of  the  Kiehinond  division  is  exposed.  South  of  the  first  line 
of  faulting  the  ^Clinton  with  part  of  the  clay  division  of  the 
Crab  Orchard;  bed  is  seen.  South  of  a  second  fault  (5H-SE) 
the  Devonian  limestone  and  the  Black  shale  are  exposed.  Far- 
ther south,  along  a  third1  fault,  the  Brassfield  bed  occurs  at  a 
higher  level,  on  the  south  side  of  the  fault,  then  the  Devonian 
limestone  on  tlie  northern  side.  Many  problems  of  structural 
geology  are  presented  by  these  and  other  fault®  in  this  vicinity^ 
but  these  must  wait  for  solution  until  the  more  detailed  work 
of  the  survey  can  be  taken  up. 

1 R.-SW, — North  of  Crab  Orchard,  fully  three  miles  in  a  di- 
rect line,  on  the  pike  to  Hammack  andj  Richmond,  south  of 
Harmon  creek. 

Here  the  following  section;  is  seen,  described  in  descending 
order: 


Thickness. 

Elevation 
above  base 
of  sectione^ 

Crab  Orchard  clay  shale,  belonging  to  the  Estill  and 
Waco  horizons,  with  lower  11  feet  of  section  con- 
taining1 small  rock  fragments  but  no  fossils  

33ft. 

62  ft.  2  in. 

1ft. 

29  ft.  2  in. 

5ft. 

28  ft.  2  in. 

Thin  limestone  and  clay  Oldham  bed  

5ft. 

23  ft.  2  in. 

Sin. 

18  ft.  2  in> 

Considerable  clay   with   limestone  interbedded,   Plum 

5ft. 

17  ft.  6  in. 

1  ft.  6  in. 

12  ft.  6  in. 

Horizon  of  large  crinoid  beads. 
Limestone  layers  belonging  to  the  massive  Clinton  or 

lift. 

lift. 

Ordovician  contact. 

The  contact  of  the  Crab  Orchard  shales  with  the  Devonian 
is  not  seen  at  this  locality. 

2  R-SW. — About  three  miles  in  a  direct  line  southwest  of 
Cartersville,  and  two  and  a  half  miles  south  of  Hammack,  on 
the  headwaters  of  "Harmon  creek ;  reached  by  going  from  Car- 
tersville northwest  one  mile,  then  southwest  a  little  over  a  mile 
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and  a  quarter,  south  a  third  of  a  mile,  west  a  quarter  of  a  mile, 
south  aii  eighth  of  a  mile,  and  finally  southwest  nearly  a  mile. 
The  exposure  is  on  the  southern  side  of  Harmon  creek. 

Black  shale. 

Brownish  rock,  like  that  of  Duffin  layer 1ft. 

Streak  of  Black  shale. 

Devonian    limestone,    with    the    top    resembling    the 

brecciated  or  Duffin  layer 6  ft. 

Soft  material,  weathered   back,   poorly  exposed,   with 

a  streak  of  clay 5ft.     6  in. 

Bluish  clay  rock,  Devonian,  weathering  brownish  and 

shaly,  unlike  Devonian  rock  elsewhere 4ft.     Gin. 

Crab  Orchard  clay  shale  (Estill  and  Waco  beds),  well 

exposed    37  ft. 

Massive  limestone  layer 1  ft.     3  in. 

Chiefly  clay  (Lulbegrud  clay),  possibly  including  strata 

belonging  to  the  Oldham  horizon 10  ft. 

Thin  limestone  interbedded  with  clay,  believed  to  be 

a  short  distance  above  the  5-foot  clay  layer,  above 

the  ~\VJntflcldeUa  bed.     Not  determined. 
Bed  of  creek. 

3  R-SW. — Seven  and  a  half  miles  in  a  direct  line  southwest 
of  the  railroad  station  at  Berea,  about  a  mile  and  a  half  south- 
west in  a  direct  line  from  Cartersville ;  reached  by  going  from 
Oartersville  northwest  about  a  mile  along  the  pike,  then  south- 
west almost  a  mile,  southeast  nearly  a  third  of  a  mile,  south- 
west about  a  third  of  a  mile,  and  finally  south  of  the  last  fork 
of  the  road  about  a  third  of  a  mile  where  the  road  crosses  a  small 
stream,  two  and  a  half  miles  in  a  direct  line  southeast  of  Ham- 
mack. 

Here  considerable  cherty  Devonian  limestone  is  exposed. 

4  R-SW. — Two  miles  west  of  Cartersville  in  a  direct  line; 
reached  by  going  from  Cartersville  one  mile  northwest  along1 
the  pike,  then  a  mile  and  a  quarter  southwest,  and  a  third  of 
a  mile  northwest,  east  of  Brandy  Spring  branch.     (Fig.  2,  Plate 
of  sections,  D. ) 

Black  shale. 

Brecciated  dark  brown  or  Duffin  layer 8  ft. 

Fault. 

Poorly  exposed,  limestone  interbedded   with   clay 7ft. 

Limestone  with  large  crinoid  beads,   THplccia  ortoni, 
aad  Ci/athnpJiyllum  cali/culum. 

Limestone  forming  the  Brassfield  bed 9ft. 

Top  of  Ordovician. 
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5  R-SW. — About  half  a  mile  northwest  of  the  last  locality,, 
and  a  mile  southeast  of  Hammack,  at  the  sharp  angle  in  the 
road  near  the  point  where  the  road  crosses  a  small  stream  enter- 
ing Brandy  Spring  branch,  half  a  mile  east,  of  the  home  of  Rob- 
ert Parsons.     The  section  begins  at  the  meeting  of  three  roads- 
northwest  of  the  main  exposure. 

Black  shale,  weathered  to  clay. 

Massive  brecciated  or  Duffin  layer,  weathered  sc  as  to 

be  almost  unrecognizable. 
Devonian  chert  abundant,  showing  presence  formerly 

of  the  Devonian  limestone,  with  chert. 

Crab  Orchard  clay  shale  (Estill  and  Waco  beds) 15ft. 

Limestone,    lower   part   softer 1ft.     Sin. 

Clay  shale  (Lulbegrud  clay) 5  ft. 

Limestone,  fairly  hard  (top  of  Oldham  horizon) 8  in. 

Limestone  layers  interbedded  wiih  clay 4ft.     4  in. 

Limestone,  fairly  solid 8  in. 

Limestone  interbedded  with  clay  (equivalent  to  Plum 

creek  clay  horizon 4  ft.     4  in. 

Limestone  with  large  crinoid  beads 6  in. 

Limestone  forming  the  Brassfield  bed 9  ft. 

Top  of  the  Ordovician. 

6  R-SW. — Northeast  of  Hammack,  at  the  northeastern  angle 
of  a  triangle  made  by  various  roads,  at  the  northern  edge  of 
the  hill  where  the  old  part  of  the  road,  now  abandoned,  descends 
into  the  valley  of  a  western  branch  of  Brandy  Spring  creek,, 
south  of  Doc.  Hunt,     ( Fig.  2,  Plate  of  Sections^  D. ) 

Rotten  limestone,  belonging  to  the  Oldham  horizon...     1ft. 

Clay  shale  and  soft  clayey  rock 3  ft. 

Hard  limestone 6  in. 

Clay  with  rotten  limestone  layers  (equivalent  to  Plum 

creek  clay  horizon) 5  ft. 

Limestone  with  WJiltflcldeUa  and  large  crinoid  beads..  Gin. 

Hard  limestone  with  large  crinoid  beads,  one  seven- 
eighths  of  an  inch  across,  also  with  Lcptacna  rlioin- 
boidsiUs,  Farosites,  and  CyatTiophyllum  cali/culum. . .  1ft. 

Rusty  brown  limestone,  forming  the  Brassfield  bed. ...     8  ft. 

Top  of  Ordovician. 

7  R-SW. — About  half  a  mile  north  of  Hammack,  on  the  road 
to  Manse,  south  of  the  home  of  Wood  Walker,  along  a  road  cross- 
ing the  stream  and  then  going  eastward  up  the  hill. 
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Thickness. 

Total  thick- 
ness to  base 
of  section. 

Devonian  chert  fragments. 

Crab  Orchard  clay  shale  (Estill  and  Waco  beds) '  20  ft. 

Solid  white  limestone i  1  f t.    3  in. 

Soft  blue  clay  (Lulbegrud  clay) j  4  ft. 

Limestone  layers  (top  of  Oldham  limestone) j  10  in. 

Clayey    limestone j  l  ft. 

Solid    limestone I  1  ft. 

Softer  limestone  layers j  1  ft.    2  in. 

Solid  limestone ;  1  ft. 

Clayey  rock  and  soft  clayey  limestone  (top  of  Plum  j 

creek    clay    horizon) 3  ft. 

Harder  clayey  rock 6  in. 

Soft    rock Gin. 

Limestone    8  in. 

Softer  stone > i  6  in. 

Limestone  with  large  crinoid  beads 1  ft.  10  in. 

Softer  limestone 1  ft.    2  in. 

Reddish  brown  limestone,  forming  the  Brassfield  bed.  9  f  f .    Sin. 
Top  of  Ordovician. 


48ft.    lin. 
28  ft.    1  in. 
26  ft.  10  in. 
22  ft.  10  in. 
22ft. 
21ft. 
20ft. 
18  ft.  10  in. 


17  ft. 
14  ft. 
14ft. 
13  ft. 
13ft. 
12ft. 
10  ft. 
9ft. 


10  in. 
10  in. 

4  in. 
10  in. 

2  in. 

Sin. 
10  in. 

Sin. 


12-13  R-SW.— Five  and  a  half  miles  southwest  of  the  rail- 
road station  at  Berea,  nearly  three  quarters  of  a  mile  directly 
east  of  Cartersville,  east  of  White.  Lick  creek. 

Phcsphatic  nodules,  1-2  irches  long,  at  base  of  the 
Waverly. 

Black  shale,  no  account  taken  of  the  dip,  the  amount 

of  which  is  not  known 102  ft. 

Sandy  rock 6  in. 

Brown  brecciated  or  Duffin  layer,  apparently  faulted 
and  otherwise  disturbed  so  that  its  original  thick- 
ness is  uncertain 11  ft. 

Crab  Orchard  bed,  upper  part  consisting  of  lower 
part  of  Alger  clay,  probably  with  Plum  creek  clay 
bed  at  base 19  ft. 

Thin  limestone  interbedded  with  clay 4  ft. 

Solid  limestone  with  Whitficldella 1  ft.    6  in. 

Limestone  with  large  crinoid  beads,  Ciiatliophi/Uitni 

calyculum,  and  Zaphrentis  daytonensis Gin. 

The  remainder  of  the  Brassfield  bed  consists  of 

reddish  brown  limestone 12  ft. 

Top  of  Ordovician. 
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10  R-SW. — At  the  western  end  of  Cartersville,  north  of  the 
pike,  along'  a  stream.    There  is  a  considerable  exposure  here  of 
the  breceiated  or  Duffin  layer  and  of  the  cherty  Devonian  lime- 
stone, apparently  underlaid  by  well  bedded  rock  belonging  to  the 
Devonian;  beneath  this  level  there  is  greenish  clay. 

11  R-SW. — About  a  mile  northwestward  from  Cartersville, 
along   the  road  which   turns   off   from   the   pike  toward   the 
southwest,  the  Clinton  or  Brassfield  bed  is  exposed  along  the 
roadside. 

15  R-SW. — About  four  miles  southwest  of  the  railroad  sta- 
tion at  Berea,  on  the  eastern  side  of  Mason  Fork,  near  the  home 
of  Charles  Baker. 

Black  shale. 

Dark  gray  clay  rock 4  in. 

Very  cherty  rock 1  ft. 

Breceiated  or  Duffin  layer,  but  very  cherty 4  ft. 

Next  layers  exposed  farther  south. 

Devonian  limestone  with  chert 4  ft. 

Dark  gray,  well-bedded  limestone 3  ft. 

Crab  Orchard  clay 10  ft. 

Thin-bedded  limestone,  with  Orthis  flabeUttc*,  at  base 

of  Waco  horizon 6  in. 

Section  with  chiefly  clay  in  the  upper  part,  but  with 

limestone  interbedded  in  lower  part 10  ft. 

Sandy  limestone,  Whitflehlella  layer 2ft. 

Horizon  with  large  crinoid  beads. 

Reddish  brown  limestone,  belonging  to  the  Brassfield 

bed    12  ft. 

16  R-SW. — Three  miles  in  a  direct  line  southwest  of  the 
railroad  station  at  Berea,  along  Rocky  branch,  west  of  the 
home  of  Sam  Todd.     (Fig.  4,  Plate  D.) 

Black  shale. 

Breceiated  or  Duffin  layer,  with  parts  of  crinoid  stems 

and  cyathophylloid  corals 5  ft.     6  in. 

Devonian  limestone  with  coarse  chert 3  ft. 

Gray  limestone  with  very  little  chert 3  ft.     6  in. 

Devonian  limestone,  crinoidal 6  in. 

Massive    Silurian    limestone,    rusty    brown    (possibly 

layer  at  base  of  Waco  horizon) 1  ft. 

Poorly  exposed 23  ft. 

Clay  with  several  heavy  beds  of  limestone  interbedded 

in  upper  part • 10  ft. 
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Reddish  brown  stone,  coarse 6  in. 

Limestone  with  Whitfleldclla  cylindrica-subquadrata. .  10  in. 

Limestone  with  large  crinoid  beads,  Cyclonema,  and 

Cyatli<>i>hijllwm  calyculurn 6  in. 

The  remainder  of  the  Brassfield  bed  was  not  measured 

here,  but  was  estimated  at  about 12ft. 

17-18  B-SW. — Two  and  a  half  miles  west  of  the  station  at 
Berea,  a  mile  and  a  half  east  of  Wallaceton.  (Fig.  4,  Plate  D. ) 

The  layer,  at  the  base  of  the  Waverly,  with  phosphatic  nod- 
ules an  inch  long  is  eighty-five  feet  above  the  Devonian  lime- 
stone, but  no  account  of  the  dip  is  taken  here.  In  the  same 
manner  the  base  of  the  Black  shale  is  found  thirty-five  feet 
above  the  layer  with  large  crinoid  beads,  at  the  top  of  the  Brass- 
field  bed.  In  the  gully,  south  of  the  road,  the  thickness  of  the 
Brassfield  bed,  up  to  the  top  of  the  layer  with  large  crinoid 
beads,  is  twelve  feet. 

F. — SECTIONS  BETWEEN  HAMMACK  AND  LANCASTER. 

(Figure  3,  plate  D,  page  154;  map  1,  page  140.) 

8  R-SW. — Nearly  two  miles  west  of  Hainiiia>ck  and  two  miles 
south  of  Point  Leavell,  about  a  quarter  of  a  mile  north  of  the 
Flat  Woods  church,  along  the  new  road  from,  Hamruack  to 
Point  Leavell,  above  a  spring  north  of  a  farm  house. 

Black  shale. 

Brown  rock  corresponding  to  the  brecciated  or  Duffin 

layer   5  ft.     6  in 

Devonian  limestone,  very  cherty 7  ft.     6  in. 

Crab   Orchard   clay   shale,   full  thickness   not   known 

(probably  belonging  to  the  Estill  and  Waco  beds) .  20  ft. " 

9  R-S-W. — Along  the  road  from  the  Flat  Woods  church  to 
Lancaster,  a  short  but  not  recorded  distance  west  of  the  church, 
the  following  section  was  exposed: 

Crab  Orchard  clay  shale,  top  not  exposed   (probably 

chiefly  the  Waco  horizon) 11  ft. 

Solid  limestone  layer 1  ft.    3  in. 

Poorly  exposed,  chiefly  clay  (Lulbegrud  clay  at  top) ...  11  ft. 
Limestone   1  ft. 

13  H-SE. — A  short  distance  farther  west,  along  the  same 
road,  east  of  a  branch  west  from  the  home  of  Peter  Spainhower. 
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Loose  fragments  of  Devonian  material. 

Interval   unknown 11  ft. 

Crab  Orchard  clay  shale 10  ft. 

Interval    23  ft. 

Massive  limestone  belonging  to  the  lower  part  of  the 

Brassfield  bed 5  ft.     6  in. 

Greenish  clay,  top  of  the  Ordovician. 

6  H-SE. — The  base  of  the  Brassfield  bed  is  exposed  also  at 
the  Lawson  chapel,  about  half  a  mile  south  of  the  Lancaster 
road,  southwest  of  the  home  of  Peter  Spainhower. 

8  H-SE. — About  three  and  a  half  miles  southeast  of  Lan- 
caster, on  the  road  to  Hanimack,  northwest  of  the  home  of 
James  M.  Anderson. 

Black  shale. 

Brecciated  or  Duffin  layer,  fossiliferous 5  ft.     6  in. 

Devonian  limestone,  very  cherty 5  ft.     6  in. 

Crab  Orchard  clay  shale   (probably  Estill  and  Waco 

beds)    22  ft. 

Solid  limestone 1  ft.     3  in. 

Chiefly  clay  (Lulbegrud  clay  at  top) 8  ft. 

Solid  limestone 1  ft. 

Clayey  limestone  interbedded  with  clay  (equivalent  to 

Plum  creek  clay) 3  ft. 

Limestone   1  ft. 

Horizon  with  large  crinoid  beads,  at  top  of  Brassfield 

bed. 

Limestone  in  layers 2  ft. 

Massive  limestone 7  ft. 

Top  of  Ordovician. 

PfatystropMa  lynx  occurs  about  a  mile  farther  west,  just 
east  of  the  main  crossing  over  Gilbert  creek. 

About  a  mile  and  a  half  southwest  of  the  home  of  James 
M.  Anderson,  northeast  of  Sweeney  Morgan,  Devonian  rock 
with  Devonian  corals  occurs. 
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G. — SECTIONS  BETWEEN  BEREA  AND  WHITES. 

(Figure  5,  plate  D,  page  154;  map  3,  page  167.) 

1  R-S. — Four  miles  north  of  Berea,  half  a  mile  south  of 
White  station. 

Argillaceous  beds  at  base  of  Black  shale. 

Devonian,  blue  argillaceous,  gritty  limestone  with  fish 

remains  3  in. 

Limestone  containing  much  calcite,  in  some  places  in 
considerable  blotches,  possibly  corresponding  to  the 
Devonian  rock  below  the  layer  with  fish  remains 
southwest  of  Elliston,  east  of  Moberly 1  ft.  3  in. 

Limestone,  at  Oldham  horizon,  apparently  contains 

poor  specimens  of  Stricklandinia 1  ft.  3  in. 

Blue  clayey  shale 10  in. 

Limestone  interbedded  with  considerable  clay 6ft. 

Chiefly  clay  with  layers  of  clay  rock  interbedded,  cor- 
responding to  the  5-foot  layer  of  clay  forming  the 
Plum  creek  horizon  in  more  northeastern  sections.  5  ft. 

Limestone  with  large  crinoid  beads  and  WhitfieldeUa 

ci/lindrica-subquadrata  near  base 1  ft.  4  in. 

Limestone,  heavy  and  thinner  beds,  interbedded  with 

clay  9  ft. 

Massive  limestone,  at  base  of  the  Brassfield  bed 2  ft.     2  in. 

Top  of  Ordovician. 

There  is  probably  a  fault  a  short  distance  north  of  the  Si- 
luriam  outcrop  since  the  nearest  outcrop  of  Platystrophia  lynos 
is  only  forty-five  feet  below  the  base  of  the  Silurian. 

2  R-S. — Less  than  three  miles  north  of  Berea,  where  the 
railroad  crosses  over  a  deep  valley. 

Near  Berea  the  dark  brown  brecciated  rock,  the  Duffin 
layer,  overlies  the  cherty  Devonian  limestone.  This 
was  not  seen  in  the  section  here  described. 

Devonian  limestone 2  ft.     4  in. 

Layer  with  fish  remains 1  in. 

Massive  reddish  brown  limestone;  may  be  the  2-foot 

layer  in  the  Crab  Orchard  shale 2  ft. 

Crab  Orchard  clay  shale  (Lulbegrud  clay),  only  the 

upper  part,  4  feet  thick,  well  exposed lift. 

Limestone  interbedded  with  clay  in  upper  part  of  sec- 
tion    18  ft. 

Limestone  layer,  with  large  crinoid  beads,  Ortliothctes, 
Platystrophia  daytonensis,  HelioUtes  subtulnilaia, 
and  Ci/athophi/lltnn  calyculwm 1  ft. 

Limestone,  with  thin  clay  layers  at.  top,  belonging  to 

the  Bra?sfield  bed .  10ft. 
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Map  3.    Map  of  area  between  Berea  andtBrassfield. 
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4  R-S. — Half  a  mile  north  of  Berea,  along  the  railroad. 

Black  shale. 

The  brecciated,  dark  blue  Duffin  layer 5  ft. 

Devonian  limestone,  very  cherty  near  the  top 8ft.    6  in. 

H. — SECTIONS  BETWEEN  BEREA  AND  BRASSFIELD. 

(Figures  1,  2,  plate  E,  page  166.) 

5  R-S. — About  a  mile  northeast  of  the  center  of  Berea,  on 
the  Kingston  turnpike. 

Black  shale. 
Interval. 

Chert  containing  cyathophylloid  corals 4  in. 

Devonian  limestone,  upper  part  with  parts  of  crinoid 

stems    8  ft. 

6  R-S. — About  two  miles  northeast  of  Berea,  where  the  road 
crosses  Joe  Lick,  a  quarter  of  a  mile  west  of  the  road,  south  of 
the  home  of  Bever  Terrell. 

Devonian  limestone. 

Crab  Orchard  clay  shale  (probably  Lulbegrud  clay) ...  13  ft. 
Reddish  brown  limestone  with  calcite  forming  nodular 
masses. 

7  R-S. — Four  miles  northeast  of  Berea,  on  the  I.  C.  Baker 
farm. 

South  of  the  house  there  appears  to  be  an  exposure  of  the 
Brassfield  bed.  The  thickness  of  the  bed  appears  to  be  ten  and 
a  half  feet,  and  of  this  the  lower  part,  seven  feet  thick,  is  mas- 
sive limestone.  A  fault  appears  to  extend  north  of  here.  On 
the  north  side  of  the  fault,  north  of  the  house,  at  a.bout  the 
same  level  as  the  Clinton  or  Bras'sfield  bed,  the  Devonian  is  seen. 
It  slants  strongly  toward  the  southwest.  The  top  of  the  ex- 
posure, six  and  a  half  feet  thick,  consists  of  gray  Devonian 
limestone.  The  base,  one  foot  thick,  weathers  to  a  more  shaly 
rock,  contains1  tiny  black  nodular  masses,  and  apparently  cor- 
responds to  the  layer  with  fish  remains. 

9  R-S. — About  four  miles  northeast  of  the  center  of  Berea, 
an  eighth  of  a  mile  northeast,  of  the  New  Liberty  church,  and 
half  a  mile  south  of  the  Bobtown  store. 

The  Devonian  limestone,  at  the  cross  roads  and  also  half 
a  mile  farther  west,  is  reduced  to  a  thin  sandy  layer,  half  an 
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inch  thick,  believed  to  be  equivalent  to  the  layer  which  else- 
where contains  fish  reamins. 

10  R-S. — At  the  north  end  of  Bobiown,  north  of  the  home 
of  Dave  Garrett.     A  single  massive  layer  of  Brassfield  rock, 
four  feet  thick,  is  seen  west  o-f  the  road.    Farther  south,  at  Joe 
Creekmore's  house,  in  the  well,  the  Black  shale  rests;  almost 
directly  on  the  Crab  Orchard  shale  (probably  the  Lulbegrud 
clay).     The  Devonian  limestone  was  not  identified  here.     The 
interval  between  the  base  of  the  Black  shale  at  the  Creekmore 
well  and  the  top  of  the  massive  bed  north  of  the  home  of  Dave 
Garrett  is  sixteen  feet  six  inches,  but  this  interval,  in  the  well, 
is  occupied  altogether  by  clay  shale,  suggesting  the  presence  of 
a  fault  here  between  the  two  exposures. 

11  R-S. — Half  a  mile  southeast  of  Bobtown,  near  the  house 
owned  by  Mat  Moody,  the  Devonian  limestone,  under  the  Black 
shale  has  a  thickness  of  eight  inches.    The  Crab  Orchard  shale 
(probably  the  Lulbegrud  clay)   is  seen  below. 

Farther  southeast,  where  the  road  crosses  a  stream,   the 
thickness  of  the  Devonian  limestone  is  fourteen  inches. 

12  R-S. — Four  and  a  half  miles  northeast  of  the  center  of 
Berea,  about  a  mile  southeast  of  Bobtown,  at  the  end  of  the 
Jackson  hollow. 

Argillaceous  beds  in  the  lower  part  of  the  Black  shale. 

Devonian    limestone 9  in. 

Chiefly  clay,  belonging  to  the  Crab  Orchard  clay  shale, 
with  layers  of  thin  limestone  included  in  the  lower 
part  which  is  equivalent  to  the  Oldham  limestone,  lift. 

Limestone   9  in. 

Chiefly  clay  (Plum  creek  clay) 5  ft. 

Limestone 1  ft. 

Clay,  limestone  and  clay,  in  descending  order 9  in. 

Red  sandy  limestone  with  WMtfleldella  cylindrica-sul)- 

quadnita  common 1  ft. 

Horizon  with  large  crinoid  beads  common. 

Limestone,  in  thinner  beds  than  the  layers  below 9  ft. 

Massive  limestone  forming  the  lower  part  of  the  Brass- 
field  bed 8ft. 

13  R-S. — At  Mat  Moody's  store,  about  two  miles  and  a  quar- 
ter southeast  of  B'obtown,  about  a  mile  east  of  Joe  Lick  knob. 
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Black  shale. 

Grayish  rock 1  ft.     4  in. 

Devonian  limestone,  very  cherty 10  in. 

Gray  limestone  with  a  little  chert 10  in. 

Grayish  Devonian  limestone 1  ft.     4  in. 

Reddish  brown  limestone,  Silurian 1  ft. 

Reddish    brown   limestone 1  ft. 

Interval  estimated  at 38  ft.     6  in. 

(The  top  of  this  interval  is  formed  by  the  Lulbegrud 

clay.) 
Top  of  massive  limestone  forming  the  lower  part  of  the 

Brassfield  bed. 

14  R-S. — South  of  the  Log  cabin  school-house,  about  a  quar- 
ter of  a  mile  north  of  Mat  Moody's  store. 

There  is  a  fault  here. 

Chiefly  clay. 

Interval  consisting  chiefly  of  limestone  interbedded 

with  clay 6ft 

Massive  limestone  forming  the  lower  part  of  the  Brass- 
field  bed 8ft. 

Clay  rock,  upper  part  of  Richmond  division. 

15  R-S. — About  half  a  mile  north  of  Mat  Moody's  store,  on 
the  north  side  of  Gravel  Lick  creek. 

Black  shale. 

Clay  rock  layers  at  base  of  the  Black  shale 4  ft. 

Devonian  limestone  absent. 

Limestone,  probably  of  Silurian  age 8  in. 

Lulbegrud  clay  shale 12  ft. 

Thin  limestone  interbedded  with  clay;  Oldham  lime- 
stone. 

Farther  north  there  is  a  fault  with  Black  shale  on  the  south 
side  and  Ordovician  rock  on  the  north. 

16  R-S. — About  two  and  a  half  miles  north  of  Mat  Moody's 
store,  south  of  the  home  of  Joe  Gibbs. 

White  Irvine  clay. 

Black  shale. 

Hard  clay  rock  in  Black  shale. 

Interval    2ft.     6  in. 

Sandy  Devonian  rock 6  in. 

Crab  Orchard  clay  (probably  Lulbegrud  clay). 


KENTUCKY   GEOLOGICAL   SURVEY.  171 

17  R-S. — A  quarter  of  a  mile  east  of  the  last  locality,  three 
miles  northeast  of  the  top  of  Joe  Lick  knob. 

Black  shale. 

Crab  Orchard  limestone  layer 3  in. 

Crab  Orchard  clay  shale  (probably  Lulbegrud  clay). 

18  R-S. — Half  a  mile  southwest  of  the  last  locality,  reached 
by  going  from  Brassfield  Avest  one  mile,  then  south  three  miles 
in  a  direct  line,  and  finally  northwest  a  distance  of  almost  half 
a  mile,  where  the  road  crosses  the  head  of  Drowning  creek. 
The  exposure  .is  on  the  southeastern  side  of  the  crossing. 

Solid  clay  rock  in  the  Black  shale 4  ft. 

A  thin  layer  of  Black  shale. 

Devonian  limestone  with  fish  remains 2  in. 

Reddish  brown  limestone,  Silurian 1  ft.     2  in. 

Crab  Orchard  clay  shale  (Lulbegrud  clay) 10  ft. 

Stream  bed. 

The  rock  above  the  layer  with  fish  remains  may  be  equiva- 
lent to  some  of  the  layers  identified  as  Devonian  limestone  else- 
where. Some  distance  farther  up  the  Black  shale  contains  ar- 
gillaceous rock  layers. 

19  R-S. — Less  than  half  a  mile  southeast  of  the  last  locality, 
at  the  forks  of  the  roacf,  at  the  locality  known  as  the  Bear  Wal- 
low, White  Irvine  clay,  with  rusty  brown  sandy  material  in  it, 
is  exposed. 

I. — SECTIONS  BETWEEN  IRVINE  AND  BRASSFIELD. 

(Figures  1,  4,  plate  E,  page  166;  map  4,  page  173.) 

11  B-W. — North  of  Irvine,  north  of  the  springs  about  three 
quarters  of  a  mile,  from  the  junction  of  the  White  Oak  creek 
road  and  the  road  to  Galloway  creek,  northeastward,  up  the  hill. 

The  following  section  is  exposed,  described  in  descending 
order : 

Black  shale. 

Devonian  limestone,  base  of  section  not  well  exposed.     7ft.     6  in. 

White  Estill  clay,  with  thin  argillaceous  shale  in  lower 

7.5  feet  of  section 60  ft.     6  in. 

Waco  bed,  clay  with  limestone 10  ft. 
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Solid  brownish  limestone,  a  layer  of  wide  distribution 

at  this  level 2  ft. 

Lulbegrud   clay. 14  ft.     6  in. 

Interval  occupied  by  Oldham  limestone,  and  Plum 

creek  clay  "poorly  exposed 27  ft.  6  in. 

Coarse-grained  limestone,  wave-marked  at  top 8  in. 

Whitfleldella  cylindrica-subquadrata  horizon,  at  top  of 
the  Clinton  or  Brassfield  bed. 

Immediately  below  the  layer  with  Whitfteldella  cylindrica- 
subquadrata  and  the  large  crinoid  beads,  are  several  feet  of 
limestone  belonging  at  the  top  of  the  Brassfield  bed.  These 
contain  Calymmene  niagarensis,  Cyclonema  daytonemis,  Rliyn- 
chotrema  scobina,  Leptaenu  rhomboiddliXj  PlectambonUcs  tmns- 
versalis,  Dalmanella  elegantulw,  Orthis  flabellites.,  Rhinopora, 
frondosa.,  Phylloporina  an-gulata,  and  Cyathophyllum  calycu* 
lum. 

12  B-W. — North  of  Irvine,  about  half  a  mile  north  of  the 
springs,  from,  the  point  where  the  road  first  reaches  White  Oak 
creek  northwestward  up  the  hill  along  a  private  road  past  the 
home  of  James  P.  Harris. 
Black  shale. 
Devonian   limestone,    weathered   to    a    red    clay    with 

cherty  fragments. 
White  Crab   Orchard   clay   shale,   top   of  Estill   clay, 

poorly   exposed    11  ft.     6  in. 

White   Crab   Orchard   clay   shale,   well   exposed,    with 

comparatively  few  sandy  shale  fragments 30ft. 

White   clay,   with   small   and   very   thin   sandy   shale 

fragments    11  ft. 

Clay  with  considerably  sandy  shale  of  gray  color,  and 
with  thin  brownish  limestone,  equivalent  to  the 
Waco  layer,  but  without  fossils  here.  A  layer 
of  rotten  brownish  limestone,  6  inches  thick,  oc- 
curs 5  feet  6  inches  above  the  base,  and  below 
this  level  most  of  the  section  consists  of  white  clay  16  ft.  6  in. 
Solid  brownish  limestone,  a  layer  of  wide  'distribution 

at  this  level 2  ft. 

White  clay,  at  top  belonging  to  the  Estill  layer;  the 
lower  half  with  thin  interbedded  limestone  be- 
longing to  the  Oldham  horizon 25  ft. 

Rotten  limestone  in  thin  layers,  also  belonging  to  the 

Oldham  horizon 5  ft.     6  in. 

WMtfieldella  cffUndriea-»itbquadrat&  layer  not  exposed 
here,  but  estimated  to  occur  below  the  last-men- 
tioned limestone  a  distance  of 12  ft. 

Bottom  of  creek  is  about  12  feet  lower. 


Map  4.    Map  of  area  between  Brassfield,  Irvine,  College  Hill  and  Red  River. 
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13  B-W. — North  of  Irvine,  north  of  Estill  Springs  about  a 
quarter  of  a  mile,  along1  the  road  before  reaching  White  Oak 
creek. 

Clay  with  numerous  fragments  of  thin  limestone, 

equivalent  to  the  Waco  layer,  with  fossils 10ft. 

Massive  limestone  layer 2  ft. 

Clay,  forming  the  Lulbegrud  layer 13  ft. 

Thin  limestone  interbedded  with  clay  equivalent  to 

the  Oldham  limestone 12  ft. 

Immediately  below  or  only  a  few  feet  lower  should  oc- 
cur the  5-foot  layer  of  clay  equivalent  to  the  Plum 
creek  clay  layer. 

15  R'-W. — West  of  the  railroad  station  at  Irvine,  half  way  to 
the  railroad  bridge,  along"  the  railroad'. 

Black  shale,  with  argillaceous  rock  layers  in  lower  6 

feet  of  section. 

Cherty   Devonian   limestone 6ft     Gin. 

Darker,  more  sandy  appearing  rock,  with  Ambococlia 

mnbonata  common  at  top 8  in. 

Massive  ferruginous  brown  limestone 3  ft.     3  in. 

Crab  Orchard  clay  shale,  belonging  to  the  Estill  clay 

horizon. 

Along1  Station  camip  creek,  south  of  Irvine,  no  exposures  of 
the  Devonian  limestone  thicker  than  seven)  feet  were  noticed. 

16  B-W. — Two  miles  southeast  of  Irvine,  opposite  the  mouth 
of  Big1  Doe  creek. 

Black  shale  ia  exposed  down  to  the  river's  edge. 

53  RrE. — West  of  Irvine  about  four  miles  in  a  direct  line, 
west  of  Rice  Station,  along  the  railroad. 

Black  shale,  the  top  of  the  section  not  exposed 40ft. 

Thin  clayey  rock  layers  in  Black  shale 4  ft. 

Clayey    2ft.    Gin. 

Solid    argillaceous    limestone,    with    Devonian    corals 

and  Atrypa  reticnlaris 2  ft. 

Shale,   some  of  it  argillaceous   and  of  a   more   gray 

color   13  ft. 

Brownish  limestone,  probably  equivalent  to  the  Duffin 

layer  which  has  a  brecciated  appearance 1  ft.     4  in. 

Devonian  limestone  with  cheft;  probably  7  to  10  feet 

of  the  section  consists  of  chert 20  ft. 

Crab  Orchard  clay,  belonging  to  the  Estill  clay  horizon, 

indurated  at  top. 
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52  B-E. — West  of  Irvine  about  four  and  a  half  miles  in  a 
direct  line,  three  quarters  of  a  mile  southwest  of  Bice  Station, 
east  and  west  of  the  tunnel. 


Black  shale  with  alum  salts  oozing  out  at  base. 
Clayey  layers  in  Black  shale,  equivalent  to  the  clayey 

layers  west  of  Clay  City 10  ft. 

Black  shale  with  fossiliferous  clay  rock  at  base 9  ft. 

Interval,  exposed  but  not  described  in  field  notes 18  ft. 

Hard,   brownish  rock,   equivalent  stratigraphically   to    . 

the  brecciated  or  Duffln  layer 4  ft. 

Very  cherty  Devonian  limestone 16  ft. 

Bluish  argillaceous  rock 2  ft. 

Brownish  rock,  without  chert 1  ft. 

Crab  Orchard  clay  shale,  belonging  to  the  Estill  clay 

horizon. 


Gin. 


6  B-SE. — East  of  Panola  about  a  quarter  of  a  mile,  from  the 
creek  to  the  western  end  of  the  railroad  cut. 


Crab  Orchard  clay  shale,  belonging  to  the  Estill  clay 

horizon,  the  top  not  exposed 45  ft.  88  ft.  6  in. 

Clay  and  limestone,  equivalent  to  the  Waco  layer,  with 

fossils    9  ft.  43  ft.  6  in. 

Massive  limestone.    This  layer  has  a  very  wide  distri-  I 

bution    2  ft.  34  ft.  6  in. 

Lulbegrud    clay j  12  ft.  6  in.      32  ft.  6  in. 

Clay  with  many  intercalated  layers  of  thin  limestone, 

especially  toward  the  top,  belonging  to  the  Oldham 

limestone   horizon 15  ft.  20  ft. 

Clay,  equivalent  to  the  Plum  creek  clay  layer |     5ft.  5  ft. 

Limestone  within  one  or  iwo  feet  of  the  WhitfleldcUa 

horizon. 


4  B-SE. — Southwest  of  the  railroad  station,  west  of  the  road, 
the  very  massive  unfossiliferous  layer  at  the  bottom  of  the  Brass- 
field  limestone  section  is  well  exposed.  In  some  of  the  immedi- 
ately overlying  layers,  Hcliolites  subtubulata  is  present. 
South  westward,  up  the  hill  (5  B-SE.),  Devonian  limestone,  six 
feet  thick,  is  seen.  The  upper  half  of  thisi  limestone  is  very 
cherty. 
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2  R-SE. — Between  eight  and  ten  miles  southwest  of  Irvine 
in  a  direct  line,  north  of  the  railroad  between  Panola  and  Brass- 
field. 


Thickness 


Total 
from  base 
of  section. 


Black  shale. 

Devonian  limestone,  gray 

Chiefly  clay,  belonging  to  the  Lulbegrud  clay  horizon 
of  the  Crab  Orchard  clay  shale  bed,  poorly  exposed. 

Thin  limestone  and  thin  clay  shale  interbedded,  near 
top  of  Oldham  limestone 

Medium  and  thin  limestone  layers  interbedded  with 
thin  clay 

Chiefly  clay,  with  thin  limestone  interbedded, 

Limestone    

Plum  creek  clay,  with  very  little  thin  limestone 

Ferruginous  limestone,  with  C yathopJt yllum  calycidnm . 

Whitfieldclla  cylindrica-subquadrata  and  large  crinoid 
bead  horizon,  forming  top  of  Brassfield  limestone. . 

Irregularly  bedded  limestone  with  very  little  clay,  con- 
taining Orthotlietes  fissiplicata 

Clay  forming  from  half  to  three-fourths  of  the  section, 
with  interbedded  limestone;  containing  Calymmene 
vogdesi,  Cyclonema  daytonensis,  RHynchotrema  sco- 
Mna,  Leptaena  rJiomboidalis,  Plectambnnites  trans- 
versalis,  Platystroplna  reversata,  DalmaneUa  elevan- 
tula  Jtftinopora  frondosa,  Aspidopom  panmvla,  and 
CyalhophyUwm  calyculum 

Limestone,  irregular  bedded,  with  a  little  thin  clay 
forming  partings  between  some  of  the  limestone 
layers  

Very  massive  limestone,  at  base  of  Brassfield  bed.  more 
bluish  than  the  overlying  layers,  apparently  unfos- 
siliferous  

Top  of  the  Ordovician. 


5ft. 
18  ft. 
6  ft.  6  in. 

3  ft.  9  in. 

2ft. 

1ft. 

5ft. 

1  ft.  6  in. 


2ft. 


62  ft.  3  in. 
57  ft.  3  in. 
39  ft.  3  in. 

32  ft.  9  In. 

29ft. 
27  ft. 
26ft. 
21ft. 


19  ft.  7  in. 


3  ft.  4  in. 


8  ft.  3  in. 


6ft. 


17  ft.  7  in. 


14  ft.  3  in. 


6ft. 


3  R-SE. — At  another  locality  along  the  railroad  between  Pan- 
ola and  Brassfield  the  following  section  was  seen: 

Limestone,  with  large  crinoid  beads  and  TT7f  i/ fl el dell a 

ci/lindrica-suT)qiiadrata     2  ft. 

Reddish  purple,  sandy  rock,  soft,  at  top  of  Brassfield  bed 1  ft. 

Clayey  rock 1  ft. 

Well  bedded  limestone 10  ft. 

Massive,  more  bluish  layer,  unfossiliferous 6  ft. 

Ordovician. 
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1  R-SE. — North  of  the  county  road  from  Panola  to  Brass- 
field,  about  a  mile  and  a  quarter  from  Panola,  along  the  hill- 
slope  in  a  field  northeast  of  a  large  farm  house,  the  following 
section  was  recorded.  It  is  evident  that  some  disturbance  has 
taken  place  in  the  rocks,  since  this  exposure  is  apparently  much 
thinner  than  that  measured  immediately  south  of  this  locality, 
north  of  the  railroad. 

Black  shale. 
Devonian  rock. 

Clay,  poorly  exposed 15  ft. 

Limestone  3  in. 

Clay,  poorly  exposed 5  ft.     6  in. 

Limestone  6  in. 

Clay  interbedded  with  rubble  limestone 9  ft. 

Interval,  chiefly  clay,  poorly  exposed 10  ft. 

Solid  limestone,  belonging  to  the  Brassfield  bed 10  ft. 

The  rock  appear  to  be  much  tilted  and  the  section  irreliable. 

51  R-E. — Beneath  the  overhead  bridge  across  the  railroad, 
south  of  the  station  at  Brassfield,  and1  thence  eastward  along 
the  railroad.  This  is  the  most  carefully  measured  section  in 
this  vicinity. 

Black  shale. 

Brownish  rock  belonging  to  the  Duffin  layer,  appearing 

brecciated    1  ft.     6  in. 

Devonian  limestone,  more  brown  than  the  underlying 

layer  of  limestone,  with  a  few  fossils 4  ft. 

Bluish  argillaceous  Devonian  limestone 1  ft.    6  in. 

Lulbegrud   clay 15  ft. 

Thin  layers  of  limestone 2  ft. 

Oldham  limestone,   consisting  of  thicker  layers   with 

comparatively    little    clay    intercalated.      Strick- 

landinia  occurs  at  the  top 9  ft. 

Elkins  limestone  interbedded  with  more  clay 3ft.     4  in. 

Plum  creek  clay 3  ft.     3  in. 

Thin    clayey    limestone    interbedded    with    clay,    also 

belonging  to  the  Plum  creek  horizon 1  ft.  10  in. 

Massive  limestone  with  WJiitfieldclhi.     The  top,  for  a 

distance  of  6  to  9  inches,  is  oolitic 2  ft.     6  in. 

More  frequently  bedded  part  of  Brassfield  limestone, 

with  large  crinoid  beads  at  top  (Clinton) 12  ft.     3  in. 

Very  massive  limestone  at  base  of  Brassfield  limestone    6  ft. 
Ordovician. 
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J. — SECTIONS  BETWEEN  MOBERLY,  WACO,  AND  THE  KENTUCKY 

RIVER. 

(Figure  3,  plate  E,  page  166;  map  4,  page  173.) 

55  R-E. — Half  a  mile  southeast  of  Moberly,  a  stream  crosses 
the  railroad  track.  A  short  distance  east  of  the  railroad,  in  the 
bed  of  the  stream,  the  base  of  the  Black  shale  is  seen.  The 
following  section  is  exposed,  down  the  stream.: 

Black  shale. 

Limestone   2  ft. 

Interval,  poorly  exposed 7  ft. 

Limestone  with  abundant  chert;  a  few  large  crinoid  stems, 

and  Spirifer  eurytcines 5  ft. 

Base  of  Devonian  limestone  not  exposed  here. 

The  relation  of  this  section  to  that  southwest  of  Elliston, 
along  the  same  branch  of  Muddy  creek,  has  not  been  determined. 

55  R-E. — East  of  Moberly  a  mile  and  a  half,  southwest  of 
Elliston,  on  the  western  side  of  Muddy  creek. 


Thickness 


Total  thick- 
ness above 
base  of  sect. 


Black  shale. 

Massive  rock,  equivalent  to  the  brecciated  or  Duffin 

layer    j     2  ft.  6  in.      70  ft.  8  in. 

Solid  limestone,  in  3  to  4  inch  layers 1  ft.  2  in.  j  68  ft.  2  nu 

Sandy,  gray  rock,  weathering  back 1  ft.  4  in.      67  ft. 

Massive  rock,  with  crinoid  stems 2  ft.  65  ft.  8  in. 

Rotten  limestone  layer 6  in.      63  ft.  8  in. 

Gray  massive  limestone i     1  ft.  6  in.      63  ft.  2  in. 

Gray  sandy  rock 1  ft.  2  in.      61  ft.  8  in. 

Gray  massive  rock 1  ft.  6  in.      60  ft.  6  i 

Gray,  well-bedded,  sandy  limestone 2  ft.  59  ft 

Horizon  with  small  black  nodules,  with  fish  remains. 
Gray,   well-bedded,   sandy   rock   forming  base   of   De- 
vonian   section 2ft.  57ft. 

Not  exposed;   probably  "Waco,  Isulbegrud,  and  part  of 

Oldham  horizons  of  the  Crab  Orchard  bed 29  ft.  55  ft. 

Interval,  chiefly  clay  with  thin  limestone  layers  at  top, 

probably  almost  entirely  clay  in  lower  half,  includ-  ' 

ing  part  of  Oldham  limestone  and  all  of  Plum  creek  j 

clay    10  ft.  6  in.      26  ft. 

Sandy  limestone,  with  ferruginous  layer  immediately 

above.    Sandy  layer  contains  Whitfieldella  ci/Hndrica- 

siibquadrata  and  large  crinoid  beads 1  ft.  6  in.  •  15  ft.  6  in. 

Thinner  bedded  limestone  with  large  crinoid  beads  at ! 

top,  forming  top  of  Brassfield  bed !     3  ft.  6  in.  j  14  ft. 

Solid,  well-bedded  limestone  belonging  to  the  Brassfield  | 

bed    7ft.  10ft.  6  in. 

Solid  massive  rock,  unfossiliferous 3  ft.  6  in.       3  ft.  6  in. 

Top  of  Ordovician. 
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Immediately  below  the  Whitfieldella  layer  occur  Orthis  flab- 
eTlltcs,  Leptaena  rhomiboidaUs,  and  Cyathophyllum  calyculum. 
The  well  bedded  limestones,  forming  the  main  body  of  the  Brass- 
field  bed,  weather  to  a  rusty  brown  color. 

60  R-E. — South  of  Waco,  along  the  road  leading  southward 
up  the  hill. 

Fissile  Black  shale. 

Soft  argillaceous  rock 6  in. 

Black  shale  with  an  argillaceous  layer  near  the  middle.  6ft.     3  in. 

Argillaceous    rock 1  ft.    3  in. 

Devonian  limestone,  not  cherty 3  ft.     9  in. 

Estill    clay 11  ft. 

Waco  limestone  with  fossils 7  ft.    6  in. 

Limestone  layer 10  in. 

Lulbegrud  clay 13  ft. 

Thin-bedded  Oldham  limestone  and  clay 5  ti,    6  in. 

Rather  heavy  Oldham  limestone  with  clay 3  ft.     6  in. 

Chiefly  clay,  Plum  creek  horizon 6  ft. 

Sandy  limestone  with  Wliitfieldella 2  ft.    6  in. 

Limestone  with  large  crinoid  beads 1  ft. 

Level  of  creek. 

59  R-E. — Half  a  mile  east  of  Waco,  north  of  the  corner  at 
which  the  road  to  Cobb  ferry  leaves  the  road  to  Bybeetown,  or 
Portwood. 

Black  shale. 

Devonian  limestone. 

Crab  Orchard  clay  shale,  fossiliferous,  chiefly  the  Waco 

layer   13  ft.     6  in. 

Massive  limestone  layer 2  ft. 

Distance  down  to  WJiitfieldeUa  layer  is  estimated  from 

the  exposure  south  of  Waco  at 28  ft. 

The  fossiliferous  part  of  the  Crab  Orchard  clay  shale,  here 
called  the  Waco  layer,  extends  from  the  massive  two-foot  layer 
of  limestone  to  a  point  ten  feet  higher  up. 

64  R-E. — East  of  Moberly,  about  five  miles  in  a  direct  line, 
west  of  Cobb  ferry,  along  the  road. 

Black  shale. 

Brownish  rock  with  brecciated  appearance,  equivalent 
to  the  Duffin  layer,  with  fragments  of  crinoid  stems 
at  top,  and  with  Farosites  and  some  chert  near 
the  base 5  ft. 
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Devonian  limestone,  very  cherty 16  ft.    6  in. 

Interval  formed  chiefly  by  the  Lulbegrud  clay  division 

of  the  Crab  Orchard  shales 20  ft. 

Clay  with  considerable  limestone  interbedded,  includ- 
ing the  lower  part  of  the  Oldham  and  all  of  the 
Plum  creek  bed 11  ft.  6  in. 

Limestone  layers,  ferruginous  at  base 2  ft.     6  in. 

WMtfieldella   layer 6  in.. 

Well-bedded  limestone,  with  thicker  beds  at  base  of 

section,  belonging  to  the  Brassfield  bed 14  ft. 

Massive  limestone,  unfossiliferous,  forming  base  of 

the  Brassfleld  bed 3  ft. 

Clay  shale,  forming  upper  part  of  the  Richmond  di- 
vision of  the  Cincinnatian  series  of  Ordovician 
rocks.  Thin  streaks  of  limestone,  apparently  the 
result  of  concretionary  action,  in  the  lower  half, 
and  near  the  base  the  clay  includes  more  irregular 
small  concretionary  rubble 54  ft. 

Blue  limestone  at  top,  and  clayey  limestone  at  base  of 
section,  including  HcberteUa  sinnata,  Plati/strophia, 
Streptclasma  rttsticwn-canadensis;  at  base  of  sec- 
tion, also  Strophomena  vetustn 9  ft. 

Clayey  rock  with  Strcptelasma  rusticum-canadcnsis  at 

various  levels 5  ft. 

Not  exposed,  probably  sandy  clay  shale 26  ft.     6  in. 

Sandy  clay  rock 10  ft. 

Not  exposed,  probably  sandy  clay  rock 53  ft. 

Dense,  blue  limestone  layer 1  ft 

Sandy  shale  with  thin  blue  limestone  layers 2  ft. 

Dense,  blue  limestone 1  ft. 

Sandy  rock,  at  river's  edge 5  ft. 

The  dense  blue  limestone  near  the  base  of  this  section  is  be- 
lieved to  belong  at  the  top  of  the  Maysville  division. 

Calapoeciw  crib  ri  form-is  was  found  loose  in  the  Irvine  sand 
along  the  road,  west  of  top  of  this  section. 

62  R-E. — About  a  mile  and  a  third  in  a  direct  line  north- 
east of  Waco,  north  of  Falling  branch,  opposite  the  home  of 
Tom  Curtis,  at  Moore  spring. 

Black  shale,  fissile  above,  earthy  toward  the  base. 

More  solid  rock 9  in. 

Argillaceous    shale     3  ft. 

Mere  solid  argillaceous  rock 3ft. 

Argillaceous  shale   1 1  ft.     6  in. 

Devonian  limestone,  with  comparatively  little  chert..   18ft. 
Crab  Orchard  clay  shale,  probably  near  the  base  of  the 
Estill  clay. 
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65  R-E. — Northeast  of  Moberly  about  five  miles  in  a  direct 
line,  almost  three  quarters  of  a  mile  east  of  College  Hill,  along 
the  road  to  Fox. 

Black  shale. 

Devonian  limestone,  poorly  exposed 6  ft.     6  in. 

Blue,  well-bedded  limestone,  with  several  chert  layers.     3  ft.     6  in. 

Devonian  limestone,  crinoidal,  poorly  exposed 2ft.    6  in. 

Base  of  Estill  clay  and  all  of  Waco  horizon,  the  latter 

with  fossils 14  ft. 

Limestone  layer 8  in. 

Lulbegrud  clay 14  ft. 

Oldham  limestone,  estimated  at 11  ft. 

Plum  creek  clay  with  thin  limestone,  10  inches  thick, 

interbedded  at  base 4  ft.  3  in. 

WMtficldeUa   layer 1  ft. 

Layer  with  large  crinoid  beads,  at  top  of  Brassfleld 
limestone. 

Limestone  interbedded  with  clay 4  ft.     6  in. 

Well-bedded  limestone  with  very  little  clay,  top  layer 

wave-marked  7  ft.  6  in. 

Massive  base  of  Brassfleld  limestone 1  ft.     4  in. 

Argillaceous  rock,  forming  upper  part  of  Richmond  di- 
vision of  the  Cincinnatian;  whitish,  clayey 33  ft. 

Argillaceous  rock,  with  one  specimen  of  Stroph&mena 
svlcata  at  top  and  with  more  frequent  specimens 
of  this  species  at  the  bottom 8  ft.  6  in. 

Argillaceous    rock 53  ft. 

Horizon  with  Strophonirna  and  Strcptelasma,  too  im- 
perfect for  identification. 

Earthy  thin-bedded  clay 20  ft. 

Interval  poorly  exposed 70  ft. 

Limestone,  blue,  fine-grained,  with  small  Ortlioceras 

and  Lophoxpira,  near  top  of  Maysville  division...  3  in. 

Clay  rock 9  in. 

Massive,  blue,  fine-grained  limestone  with  worm-bor- 
ings and  small  specimens  of  LopJiospira 1  ft.  6  in. 

Shaly,  thin-bedded  rock,  without  PL  lynx 18  ft.     6  in. 

Plati/slropMa  lynx  not  rare 6  ft.     6  in. 

Platystropliia  lynx  comparatively    rare 15  ft. 

Platyfitrophia  lynx  comparatively    common 10  ft. 

Not  well  exposed 15  ft. 

Bed  of  river. 
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66  R-E. — Three  and  a  half  miles  north  of  College  Hill,  where 
the  road  for  Union  City  turns  off  toward  the  southwest. 

Black  shale. 

Brownish  rocks  resembling  the  Duffin  layer 1ft. 

Black   shale 9  in. 

Brownish  rock  with  numerous  specimens  of  Tuommix 

cauda-galli    3  ft. 

Brownish   rock 1ft.     Sin. 

Limestone  with  abundant  chert 4  ft. 

White  crinoidal  limestone  with  corals 2ft.    Gin. 

Light  brown  massive  Devonian  limestone,  with  a  few 

Spirifcrs  within  2  feet  of  the  base 10  ft. 

Silurian  clay,  probably  at  base  of  Estill  division  of  the 

Crab  Orchard,  poorly  exposed. 

Taomims  cauda-galH  is  considered  the  result  of  tracings 
made  by  some  form  of  marine  worm,  lodging  in  some  vertical 
hole  and  sweeping  the  upper  end  of  its  body  in  all  directions 
for  food. 

67  R-NE. — Five  and  a  half  miles  north  of  College  Hill,  on 
the  old  Bloomingdaie  road.    Along  the  road  south  of  a  house; 
north  and  south  of  a  deep  valley. 

Black  shale. 

Devonian  limestone,  upper  part  cherty 17  ft.    6  in. 

Interval   5  ft. 

Clay  with  thin  limestone  containing  Waco  fossils 5  ft.     6  in. 

Clay,  no  fossils  noticed 5  ft.     6  in. 

Limestone,  with  strong  fucoidal  markings 6  in. 

Lulbegrud    clay 8  ft.     6  in. 

Oldham  limestone  with  Strickland  in  ia  at  top 7  ft.     6  in. 

Plum  creek  clay 2  ft.     6  in. 

Limestone    3  in. 

Clay  6  in. 

Limestone,  base  of  Plum  creek  clay 6  in. 

The  exposures  are  poor. 
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K. — SECTIONS  BETWEEN  INDIAN  FIELDS,  VIENNA,  AND 

LULBEGRUD   CREEK. 
(Figures  1,  2,  3,  4,  plate  F,  page  184;  map  5,  page  185.) 

7  R-NE. — Two  miles  west  of  Indian  Fields,  reached  by  going 
south  along  the  road  from  the  station,  then  turning  west  along 
the  Winchester  pike  about  a,  mile  and  a  half.     At  the  Ctirry 
bridge  over  Howard  creek. 

The  Whitfieldella  cylindrica-siibquadrata  layer  at  the  top  of 
the  Brassfield  layer  is  exposed  at  the  top  of  the  hill.  The  thick- 
ness of  the  Brassfield  bed  was  not  determined,  but  the  base  of 
this  bed  is  estimated  to  be  about  145  feet  above  the  highest  layers 
containing  Platystrophia  lynx,  although  the  actual  measured 
interval  was  about  120  feet.  The  rocks  dip  eastward. 

8  R-NE. — Half  a  mile  southwest  of  Indian  Fields,  north  of 
the  home  of  John  Goff,  and  thence  south  up  the  hill  south  of 
the  pike.     (Fig.  4,  Plate  F.) 

Base  of  the  Waverly  clay,  with  traces  of  phosphatic 
rock. 

Black    shale 40  ft. 

Clay    12  in. 

Black    shale 1  ft.     Sin. 

Clay    8  in. 

Black    shale 1ft.    Gin. 

Clay    8  in. 

Black   (Huron)   shale 82ft. 

Sandy  rock  with  worm  borings 1  ft.     6  in. 

Devonian    limestone 1  ft.  10  in. 

Sandy  rotten  stone 1  ft.     6  in. 

Ferruginous  brown  limestone  with  fish  plates 11  in. 

Layer  with  fish  remains  and  tiny  black  nodules 5  in. 

Estill  clay  division  of  the  Crab  Orchard  clay  shale. 

1  B-NW. — South  of  Indian  Fields  about  a  quarter  of  a  mile^ 
along  the  road,  where  it  crosses  a  small  branch  of  Lulbegnicfc 
creek,  crossing  the  M.  H.  Hisle  farm.  (Fig.  4,  Plate  F.) 

Black  shale. 

Solid  brownish  Devonian  limestone 1  ft.    8  in. 

Layer  with  fish  remains 1  ft. 

Clay,  with  Waco  fossils  in  the  lower  half 20  ft. 

Limestone  layer 9  in. 

Lulbegrud  clay 13  ft. 

Top  of  Oldham  limestone  with  Stricklandinia  in  bed  of 

branch    2  ft. 


Map  5.    Map  of  area  between  Red  River,  Indian  Fields  and  Winchester. 
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The  Oldhain  limestone  contains  also  Heliolilcs  subtubuldta, 
Halt/sites  catenulatus,  Cyathophyllum  calyculum,  and  Za- 
phrcn  t  is  daytonens is. 

2  B-NAV. — About  a  mile  southeast  of  Indian  Fiekte  along 
the  railroad,  and  then  south  along  a  road  toward  Lulbegrud 
creek;  a  short  distance  east  of  the  home  of  Browulow  Bruner. 
(Fog.  4,  Plate  F.) 

Black  shale. 

Brown  rock,  Devonian. 

Estill    clay 12  ft. 

Clay  with  thin  limestone  layers  and  Waco  fossils 8  ft.     3  in. 

Limestone    9  in. 

Lulbegrud  clay 13  ft. 

Top  of  Oldham  limestone,  with  Ktrickhnidiniu 5  ft.     6  in. 

Interval    6  ft. 

Lulbegrud  creek. 

3  B-NW. — South  of  Indian  Fields  about  two  and  a  half  miles 
in  a  direct  line,  at  Abbott's  mill,  on  Lulbegrud  creek.     (Fig.  1, 
Plate  F.) 

Black  shale. 

Devonian  limestone  with  worm  borings 3ft.     9  in. 

Rusty  brown  limestone 1  ft.     3  in. 

Probably  the  layer  with  fish  remains 6  in. 

Crab  Orchard  clay  shale,  Estill  and  Waco  horizons 19  ft. 

Reddish  brown   limestone 1  ft. 

White  clay,  Lulbegrud  horizon 7  ft.     6  in. 

Limestone  layer. 

White  clay 7  ft.     6  in. 

Clay  with  reddish  brown  limestone  at  various  levels, 

Oldham  and  Plum  creek  horizons 23ft.  Gin. 

Reddish  brown  limestone  with  Rliinopora  frondosa, 
Zaphrentis  daytonensis,  and  Cjfathophyllmn  calycu- 
lum. Owing  to  faulting,  the  top  of  the  Clinton  or 
Brassfield  bed  is  not  well  exposed  at  this  point,  and 
the  full  thickness  of  this  bed  is  probably  greater. .  5  ft.  4  in. 

Reddish  brown  limestone,  with  bluish  argillaceous  rock 
at  the  base.  Containing  Cyclone  ma  daytotiensis, 
Leptacna  rliomboi'lalis,  and  ClatJiropvra  frondosa...  3ft.  7  in. 

Soft  blue  clay  shale 2  ft. 

9  K-NE. — South  of  Indian  Fields  about  two  and  a  half  miles 
in  a  direct  line,  about  half  a  mile  southeast  of  Chilton,  on  the 
Old  Billy  Snowden  farm  near  the  headwaters  of  Long  branch, 
west  of  the  creek.  ( Fig  1,  Plate  F. ) 


KENTUCKY   GEOLOGICAL    SURVEY.  187 

Here  the  distance  from  the  base  of  the  Silurian  to  the  base 
of  the  Devonian  limestone  is  sixty-two  feet. 

10  R-NE. — On  the  eastern  side  of  Long  branch,  on  the  Mor- 
gan   Eubanks   farm,   Stricldandin'w  occurs   about   thirty   feet 
above  the  base  of  the  Silurian. 

11  R-NE. — About  four  and  a  half  miles  south  of  Indian 
Fields,  at  Crow  ford,  on  Lulbegrud  creek. 

The  base  of  the  Silurian  here  is  seventy-three  feet  above  the 
creek. 

12  R-NE. — About   five   miles   west   of   south    from    Indian 
Fields,  on  the  road  to  Vienna,  along  the  run  crossing  the  road 
south  of  the  home  of  J.  T.  Elkins.     The  section  is  much  ob- 
scured by  soil  and1  by  the  dip  of  the  rock,  the  strata  being  ex- 
posed at  distant  joints  along  the  run  and  along  the  road.     ( Fig. 
2,  Plate  F.) 

Fissile  Black  shale. 

Argillaceous  rock,  equivalent  to  the  Duffin  layer 3  ft. 

Devonian  limestone,  with  chert 3  ft.    9  in. 

Not  exposed,  probably  clay 1  ft.     9  in. 

Massive  reddish  brown  limestone,  probably  the  2- 
foot  layer  at  the  base  of  the  Waco  horizon  of  other 
sections  1  ft. 

Blue  clay,  probably  the  Lulbegrud  layer 12  ft. 

Brownish  limestone,  Stricklandinia  layer  at  top  of  Old- 
ham  limestone 4  in. 

Chiefly  clay,  some  interbedded  limestone 5  ft. 

Solid   brown   limestone 6  in. 

Soft  clay,  Plum  creek  horizon 8  ft. 

Clayey  limestone 2  in. 

Chiefly  clay,  with  limestone  interbedded 5  ft.     6  in. 

Horizon  with  large  crinoid  beads;  cross-bedded  lime- 
stone at  top  of  Brassfield  bed 6  in. 

Well-bedded  limestone 8  ft. 

Massive  limestone,  unfossiliferous 6  ft.     6  in. 

Top  of  Ordovician. 

13  R-NE. — Six  miles  west  of  south  of  Indian  Fields,  along 
the  road  to  Vienna,  along  the  road  east  of  Log  Lick  church. 
(Fig.  2,  Plate  F.) 
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Black  shale. 

Brownish  rock,  brecciated  in  appearance,  belonging  to 

the  Duffin  layer 2  ft. 

Massive,  cherty  Devonian  limestone 4  ft. 

Probably  clay,  poorly  exposed 6  in. 

Solid  layer  of  limestone,  brownish  red,  probably  the 
2-foot  layer  at  the  base  of  the  Waco  horizon  of 
other  sections 9  in. 

Distance  from  preceding  layer  to  base  of  Brassfield  bed  66  ft. 

14  R-NE. — About  six  and  a  quarter  miles  south  of  west 
from  Indian  Fields,  on  the  road  to  Vienna,  at  the  forks  of  the 
road  about  a  quarter  of  a  mile  south  of  Log-  Lick  church.  ( Fig. 
2,  Plate  F.) 

Black  shale. 

Devonian  limestone,  67  feet  above  the  base  of  the 
Brassfield  bed. 

16  R-NE. — North  of  Vienna,  along  the  road  from  Indian 
Fields  to  Vienna. 

Devonian  not  seen  at  top  of  the  hill. 

Crab  Orchard  clay  shale 38  ft. 

Possibly  a  fault  near  the  base  of  this  part  of  the  section. 

Horizon  with  large-celled  species  of  Favosites,  and  with 
Hindia  spJtaeroulalis.  The  latter  was  found  loose.  This 
is  believed  to  be  near  the  horizon  of  the  2-foot  layer 
at  the  base  of  the  Waco  horizon  of  other  sections.  Dis- 
tance above  the  base  of  the  Brassfield  bed 85  ft. 

If  this  interpretation  is  correct,  the  strata  must  dip  south- 
ward at  a  considerable  angle  on  this  hill  slope.  This  requires 
further  study. 

17  R-NE. — Eight  and  a  half  miles  in  a  direct  line  west  of 
south  of  Indian  Fields,  across  the  river  from  Vienna,  along  the 
road  to  the  home  of  Old  Jones  Finnell.     (Fig.  3,  Plate  F.) 

Black  shale. 

Hard  brown  limestone 5  ft.     3  in. 

Brecciated  clay 1  ft. 

Soft  rock 1  ft. 

Devonian  limestone  with  much  chert 6  ft. 

Crab  Orchard  clay  shale,  not  exposed,  Estill,  Waco  and 

Lulbegrud  beds 62  ft. 
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Limestone  layer. 

Not  exposed,  probably  Oldham  clay  and  limestone 6ft. 

Thin,  badly  weathered  limestone  interbedded  with  clay    5  ft.     6  in. 

Not  exposed,  probably  chiefly  Plum  creek  clay 6  ft.    6  in. 

Limestone,  poorly  exposed,  with  thin  clay  partings...     3ft.    Gin. 

Strongly  cross-bedded  layer  at  top;  Brassfield  lime- 
stone with  clay  interbedded  immediately  below; 
much  less  clay  toward  the  base 9  ft.  6  in. 

Massive  limestone 4  ft.    2  in. 

Top  of  Ordovician. 

Clay  rock,  weathering  into  clay,  upper  part  of  Rich- 
mond    48  ft. 

Well-bedded  argillaceous  limestone 14  ft.     9  in. 

Interval  above  river,  clay  rock 17  ft.    6  in. 

Base  of  Richmond,  not  exposed. 

18  R-E. — Eight  and  a  half  miles  south  of  Indian  Fields, 
about  three  quarters  of  a  mile  southeast  of  Vienna,  up  a  branch 
entering  Rocky  creek  from  the  east,  along  the  hillside  near  the 
home  of  James  Stone.  (Fig.  3,  Plate  F.) 

Black  shale. 

Brown,  brecciated  appearing  rock,  equivalent  to  the 

Duffin  layer 5ft. 

Devonian  limestone,  with  chert 6  ft. 

Crab  Orchard  clay  shale  with  limestone  layers  at  vari- 
ous levels,  especially  in  lower  half 85  ft. 

Massive  cross-bedded  limestone,  probably  at  the  WJrit- 

fieldella  horizon 8  in. 

Rotten  Brassfield  limestone,  interbedded  with  clay  at 

top  3  ft. 

Limestone,  badly  weathered 2  ft. 

Solid  limestone,  belonging  to  the  base  of  the  Brassfield 

bed 8  ft. 

Top  of  Ordovician,  above  Red  river 80  ft. 


L. — SECTIONS  BETWEEN  RIGHTAXGLE  AND  MERRITT. 

(Map  5,  page  185.) 

31  R-NE. — Southwest,  of  Indian   Fields  five  miles,  on  the 
road  to  Merritt,  northeast  of  Arlen,  near  Goosey's  Old  Stand. 

Brecciated  in  appearance  at  top;  a  little  chert  in  the  lower 

part,  18  inches  thick,  Devonian  limestone 5  ft. 

The  WMtfieldelfa  layer  occurs  near  by,  but  whether  brought 
up  by  a  fault  or  not,  was  not  determined. 
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32  R-NE. — About  seven  miles  southwest  of  Indian  Fields, 
at  the  fork  of  the  pike  about  a  mile  north  of  Merritt  ford,  near 
the  old  Simpson  Brock  place. 

Limestone,  poorly  exposed. 

Clayey  layer,  pfbbably  corresponding  to  the  5-foot 
Plum  creek  layer. 

Strongly  cross-bedded,  sandy  layer 1  ft. 

Horizon  at  top  of  Brassfield  limestone,  with  large  crin- 
oid  beads,  WJntfieldella  cyUndrica-subqitadrata, 
RMnopora  frondosa,  C '  yatlioplujllnni  calycitlum,  Pttj- 
cJiopJiyllnm  ipotnea,  and  Dalmanella  elegant itl a  near 
top.  Total  thickness  of  the  limestone,  including 
the  fossiliferous  layers 10  ft.  6  in. 

The  limestone  layers  over  the  five-foot  bed  are  very  near  the 
level  of  the  Devonian  limestone,  possibly  brought  up  by  a  fault. 

33-34  R-NE. — Nearly  eight  miles  in  a  direct  line  southwest 
of  Indian  Fields,  above  and  below  the  lauding  at  Merritt' s  ferry. 

Limestone  layers. 

Interval,  not  exposed,  probably  clay 5  ft. 

Coarse  sandy  layer,  probably  the  WMtfieldclla  horizon, 

or  just  above 1  ft. 

Limestone,   Brassfield  bed 11  ft. 

Clay  rock,  weathering  readily,  upper  part  of  Richmond 

division    90  ft. 

Tetrad  in  m   horizon,    with    Streptelasma   rustlcum-cana- 

dcnsis  a  short  distance  above. 

Clayey  limestone  layers  with  fossils 10  ft. 

Clay  rock,  chiefly  Richmond 46  ft. 

Indurated    clay   rock   with    Platystropliia   ~lyn.r   Heber- 

tella  sinuata,  near  top  of  Maysville  division 1ft. 

Soft  clayey  shale 6  ft    6  in. 

Labecli  la  oMoensis  abundant 3  in. 

Top  of  Mount  Auburn  bed. 

Rubble,  clayey  limestone  with  PlatystropMa  lynx  and 

bryozoans  very  abundant 11  ft. 

Layer     with     Hcbertella     shuiata,    Platj/stropMa    lynx, 

Lnplwspira  bowdem,  and  bryozoans 6  in. 

Layer   with   numerous   lamellibranchs,   and   with    Or- 

tltoceras    1  ft. 

Argillaceous  limestone,  rather  hard 2  ft. 

Chiefly  clayey  shale  with  some  clayey  limestone,  fos- 
sils few. .  .  15  ft.  6  in. 
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M. — SECTIONS  BETWEEN  INDIAN  FIELDS,  CLAY  CITY,  AND 

LULBEGRUD   CREEK. 
(Figure  2,  plate  F,  page  184;   map  6,  page  193.) 

7  B-NW. — Southwest  of  Clay  City,  about  two  miles  in  a  di- 
rect line,  at  Tiptoii  ferry. 

Irvine  clay  and  sand. 

Black  shale. 

Cherty  Devonian  limestone 2  ft. 

Hard  limestone,  with  cherty  nodules,  and  with  fish 

remains  at  base 2  ft. 

Soft  limestone  with  fish  remains 8  in. 

Crab  Orchard  clay  shale,  lower  part  belongs  to  the 

fossilif erous  Waco  horizon 16  ft. 

Brown  limestone 1  ft.    4  in. 

Horizon  with   Favosites  gothlandica. 

Chiefly  Lulbegrud  clay  at  top,  base  of  this  part  of  sec- 
tion not  seen  on  account  of  being  below  river 
level  33  ft.  6  in. 

Red  river. 

0  B-NW. — West  of  Clay  City,  northwest  of  the  bridge  across 
Bed  river. 

Devonian   limestone 4  ft.     8  in. 

5  B-NW. — About  half  a  mile  west  of  the  bridge  at  the  western 
«nd  of  Clay  City,  along-  the  railroad. 

Rusty  brown  limestone  with  coarse  chert 4  ft. 

Soft  rock,  weathering  back,  with  Devonian  corals  in 

lower    part 1  ft. 

Rusty   brown    limestone   with   chert,    and   Reticularia 

flmbriata    1  ft.     8  in. 

Rusty  brown  limestone  with  small  black  nodules  and 

fish  remains  in  lower  part 6  in. 

Waco  horizon  of  the  Crab  Orchard   clay  shale,  with 

worm  borings,  vertical,   in  a  thin  clay  rock  near 

the  top.     Within  2  feet  of  the  top  occur  Faroxitrx 

favosus  and  Ci/athopJiyUum. 

The  exposures  of  the  fossiliferous  Waco  horizon  beneath  the 
Devonian  limestone  continue  northwest,  toward  Virden. 
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Map  6.    Map  of  area  between  Indian  Fields,  Clay  City  and  Jeffersonville. 
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8  B-NW.— Southwest  of  Clay  City,  about  three  miles  in  a  di- 
rect line,  along  the  road  leading  from  Tipton  ferry  to  Plum 
creek,  along  that  part  of  the  road  descending  toward  Plum 
creek,  northeast  of  the  home  of  George  Mclntosh. 

Irvine  formation. 

Black  shale. 

Argillaceous    rock 1  ft.     8  in. 

Devonian  limestone,  cherty 3  ft. 

Crinoidal  limestone  with  H India 1  ft. 

Soft  rock,  weathering  back 6  in. 

Crinoidal    limestone 10  in. 

Soft  rock,  weathering  back 7  in. 

Soft  rock  with  fish  teet'h,  tuberculated  plates  and 

black  phosphatic  nodules 6  in. 

Estill  clay,  and  Waco  clay  with  limestone  layers 17ft. 

Limestone    1  ft.     2  in. 

Lulbegrud  clay 13  ft. 

Oldham  limestone  with  Strickland  hria  and  Str-upli-oneUa 
near  the  top.  A  ferruginous  layer  occurs  about  6 
feet  below  the  top.  The  lower  half  contains  Plaly- 
strophia  day  ton-en  sis,  Dalmanella  eleaantula,  Lep- 
taena  rhomboidalis,  CyatltopJiylhim  cali/culwn,  and 
Haly.nte$  catenuJatus.  Section  not  clearly  exposed, 
thickness  about 11  ft. 

Plum  creek  clay,  exposed  in  bottom  of  creek  as  far 
south  as  a  point  directly  east  of  the  home  of  George 
Mclntosh,  formerly  occupied  by  John  Burgher 5ft.  6  in. 

Limestone,  strongly  wave-marked 1  ft. 

WJiifficldella  layer. 

Layer  with  large  crinoid  beads. 

Brassfield  limestone.  Owing  to  the  irregular  dip  of  the 
rock,  and  the  poor  exposures,  the  thickness  of 
the  Brassfield  bed  can  not  be  determined,  but  it  is 
probably  about  19  feet.  At  this  exposure  the"  bot- 
tom of  the  Brassfield  bed  is  found  below  the  near- 
est Plum  creek  clay  exposure 21  ft. 

Top  of  Ordovician. 

9  B-NW. — About  three  and  a  half  miles  west  of  Clay  City, 
north  of  Hudson's  mill,  on  the  road  from  the  mill  to  Snow  creek 
church. 

Black  shale. 

Argillaceous  rock,  brecciated  at  base  as  in  case  of  the 

DuflSn  layer,  with  brachiopods 9  ft. 

Devonian  limestone  with  Favosites  and  Chonopftyllwm. 
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10  B-NW. — North  of  Snow  creek  church,  just  before  crossing 
Snow  creek. 

Devonian  limestone. 

Estill  and  Waco  beds  of  the  Crab  Orchard  Clay  shale. .  22  ft.    3  in. 

Limestone  layer. 

Section,  upper  part  chiefly  clay  (Lulbegrud  clay),  lower 
part  with  limestone  layers  interbedded  (Oldham 
limestone) 16  ft. 

Plum  creek  clay  bed 5  ft.     6  in. 

Whitflcldclla  layer,  ferruginous. 

Limestone,  belonging  to  the  Clinton  or  Brassfield  bed.  15ft.     9  in. 

Top  of  Ordovician. 


N. — SECTIONS  WEST  OF  INDIAN  FIELDS,  ALONG  THE  RAILROAD. 

(Figure  4,  plate  F,  page  184;  map  5,  page  185.) 

1  R-NE. — Clay  pit  along  the  railroad,  about  three  quarters 
of  a  mile  northwest  of  Indian  Fields. 

Irvine  formation,  sandy  clay  with  pebbles,  varies  in 

thickness  from  2  to 5  ft. 

Black  shale,  badly  decayed,  1  or  2  feet  in  thickness  at 

point  of  observation. 

Devonian  limestone,  badly  decayed 1  ft.     6  in. 

Estill    clay 7ft. 

Waco  clay  with  fossiliferous  limestones,  only  the  top 

is  exposed. 

Interval,  about 38  ft. 

Reddish  brown  limestone  full  of  Cyatliophyllum  cali/- 

culum,    probably    equivalent    to    the    Wliitfteldella 

layer. 
Poor  exposures  of  the  Brassfield  limestone,  along  the 

eastern  side  of  Howard  creek. 

2  R-NE. — Northwest  of  Indian  Fields,  about  a  mile,  west 
of  Howard  creek,  along  the  railroad. 

The  most  eastern  exposure  of  the  Oldham  limestone  contains 
Stricldandinia  near  the  top.  Ferruginous  layers  occur  within 
two  feet  of  the  top  of  the  limestone.  All  the  layers  of  the  lime- 
stone are  well  shown  at  the  various  cuts  along  the  railroad,  but, 
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owing  to  the  dip,  it  is1  not  easy  to  determine  the  precise  thick- 
ness of  the  Old-ham  limestone  at  this  locality.  It  is  estimated 
at  about  fourteen  feet.  The  massive  limestone  at  the  base  of 
the  Brassfield  section  is  exposed  along  Howard  creek;  east  of 
the  creek,  north  of  the  railroad,  it  has  a  thickness  of  about  seven 
feet. 

3  R-NE. — A  short  distance  farther  westward,  at  the  western 
end  of  a  low  railroad  cut,  the  following  section  is  exposed : 

Light  brown  or  reddish  brown  limestone  with  thin 

clay  partings  forming  lower  part  of  Oldham  bed. .  8  ft. 

Chiefly  soft  Plum  creek  clay  with  a  little  limestone 
at  the  top  and  with  thin  streaks  of  limestone  at 
irregular  intervals 5  ft. 

Sandy    limestone   with    Whitfieldella. 

Strongly  wave-marked  layer;  large  crinoid  beads  near 
top  of  underlying  layers. 

Reddish  brown  Brassfleld  limestone  with  some  inter- 
bedded  clay,  containing  Calymmene  vogdesi,  Cyclo- 
tieina  daytonensis,  Rhynclwirema  scobina,  Tripled  a 
ortoni,  OrtlwtJietes  ftssiplicata,  Leptacna  rhomboid- 
alis,  Dalmanella  eleriantula,  PJii/llvporina  angulata, 
Rhinopora  frondosa,  Phacnopora  expansa,  Zaphrentis 
daytonensis,  a'nd  Cyathophyllum  calyculum 7  ft. 

Reddish  brown  limestone  with  interbedded  clay,  and 

plenty  of  CyatJiopJiyllum  calyculimi  at  top 5  ft.  6  in. 

Reddish  brown  massive  limestone,  forming  base  of 

Brassfield  limestone,  about 7  ft. 

Top  of  Ordovician. 

4  to  6  R-NE. — Section  from  the  Hornbaek  curve,  a  mile  and 
a  half  west  of  Indian  Fields,  westward  along  the  railroad  to  the 
home  of  Tom.  Will  Abbott,  three  miles  west  of  Indian  Fields. 

Base  of  Clinton  or  Brassfield  limestone  at  top  of  the 
exposure  at  the  Hornback  curve,  1.5  miles  west  of 
Indian  Fields,  at  locality  4  R-NE. 

Whitish,  soft  clay,  Upper  Richmond 10  ft. 

Clay,  light  brown  or  blue,  Upper  Richmond 12  ft. 

Clayey  rock  with  some  layers  of  thin  limestone,  fos- 
siliferous,  Upper  Richmond.  Contains  Stroplw- 
mena  siilcata,  abundant;  Rtreptclasma  diraricans, 
common;  Hebertella  sinnata ;  PlatystropJiid,  small 
Upper  Richmond  form;  Xtivpttiasma  rnsticum,  rare; 
Pterinea  demissa .  13  ft. 
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Thin  bedded  clay  rock  and  argillaceous  limestone  with 
fossils  in  the  lower  part,  exact  thickness  not 
known,  only  estimated.  Contains  StropJmncna 
planum-bona,  common;  Hebertella  occidental^ ;  Rhi/n- 
chotrema  capaae;  Streptelasma  rusticum-canadensis  ; 
Middle  Richmond 17  ft. 

More  sandy  interval,  fossils  few,  Middle  Richmond...  17ft. 

Massive  layer  of  limestone,  showing  along  the  foot 
path  from  the  railroad  down  northeast  to  the  home 
of  Jim  Hornback  (locality  5R-NE);  also  west  of 
the  beginning  of  this  path,  at  the  second  cut  along 
the  railroad,  Middle  Richmond 1ft.  6  in. 

Massive  indurated  clay,  spalling,  well  shown  in  first 
cut  west  of  path  leading  down  to  Jim  Hornback. 
Lower  Richmond 30  ft. 

Thin  bedded  clay  rock,  Lower  Richmond 18ft. 

Thin  shaly  section  corresponding  to  the  section  at  the 
base  of  the  Richmond  section  along  the  Kentucky 
river,  east  of  College  Hill,  and  at  Cobb  Ferry.  Ex- 
act age  unknown,  exposure  poor;  interval  esti- 
mated at 20  ft. 

PlatystfopJiia  lynx  abundant,  associated  with  Leptaena 
rliomboidalis,  at  the  home  of  Tom  Will  Abbott,  near 
top  of  Maysville  division  of  the  Cincinnatian.  Lo- 
cality 6  R-NE ,,,,,,,,,, 8  ft 


0. — SECTIONS  BETWEEN  INDIAN  FIELDS  AND  JEFFERSONVILLE. 

(Plate  G,  page  192.) 

O-B-NW. — Southeast  of  the  hotel  at  the  Oil  spring  about  a 
mile  and  a  half  east  of  Indian  Fields.  From  this  point  the  sec- 
tion leads  upward  along  the  road  toward  the  Indian  Fields  and 
Kiddville  pike. 

Irvine  sands. 

Phosphatic  nodule  layer  at  base  of  Linietta  clay. 

Black  Devonian  shale 40  ft. 

Thin  clay  layers  in  Black  shale  at  various  levels 15  ft. 

Black  (Huron)   shale 75ft. 

Level  of  the  Soda  Spring. 

Black  shale  (Huron) ,  fissile 14  ft. 

More  solid  layer,  earthy,  bluish  gray,  weathering  to 

irregularly  shaly  fragments 3  in. 

More  shaly,  the  upper  part  very  fissile  and  black 1  ft. 

Solid,  light  brown,  like  Duffin  layer  but  not  brecciated.  10  in. 
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Strongly  brecciated  and  weathered  so  as  to  bring  out 
the  brecciated  appearance  splendidly,  contains  cel- 
estite,  crinoid  stems,  cyathophylloid  and  favositoid 

corals    1  ft. 

Black  shale,  fissile 2  in. 

Solid,  light  j)rown  limestone,  contains  black  nodules 
near  the  base  up  to  %  inch  in  length.  The  Oil 
Spring  issues  from  just  beneath  this  level. 

Estill  clay  at  top  of  Crab  Orchard  division  of  the 
Silurian. 

O-B-NW. — Northeast  of  the  Oil  spring  hotel,  one  hundred 
yards,  in  a  little  run  entering  Lulbegrud  creek  from  the  west. 

Black  shale. 

Solid    limestone 10  in. 

Brecciated  Duffin  layer 10  in. 

Solid  limestone 1  ft.     2  in. 

Limestone  weathered  cavernous 1  ft.     6  in. 

Poorly  exposed,  solid  limestone  in  part 1  ft.     6  in. 

Not  exposed,  soft 4  in. 

Solid,  hard,   siliceous  limestone 1ft.     3  in. 

Rotten  stone 1  in. 

Ferruginous  brown  limestone  with  black  nodules 5  in. 

Rotten  stone 4  in. 

Ferruginous  brown   limestone   with    phosphatic   black 

nodules   4  in. 

13  B-NW. — About  a  mile  east  of  Indian  Fields,  at  the  Holly- 
wood or  Stuart  mill  on'  Lulbegrud  cueek. 

Black  shale. 

Brecciated  or  Duffin  layer 1  ft.     8  in. 

Devonian    limestone 2ft.     Sin. 

Sandy  rock,  with  tiny  black  nodules  and  fish  remains.     1  ft.     9  in. 
Reddish  brown  Devonian  limestone,  with  PJiacops  rana 

and  other  fossils,  massive  rock,  forming  the  falls. .     4  ft.     4  in. 
Estill  clay  division  of  the  Crab  Orchard  clay  shale. 

12  B-NW. — About  half  a  mile  southeast  of  the  Hollywood 
mill,  on  the  eastern  side  of  Lulbegrud  creek,  at  the  spring  north 
of  t-he  home  cf  Will  Lawrence,  north  of  the  oil  spring. 

Black  shale,  fissile. 

Black  shale,  with  lenticular  calcareous  layers  of  rock.  8ft. 

Brecciated  or  Duffin  layer  of  limestone 3ft.  9  in. 

Shaly   rock 1ft.  Sin. 

Massive  Devonian  limestone 3  ft.  4  in. 

Crumbling  rock  with  fish  remains 4  in. 
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11  B-NW. — East  of  Indian  Fields  a  mile  and  a  half,  south 
of  the  Oil  spring,  at  the  Eastin  mill. 

Black  shale,  interbedded  with  clayey  rock  near  the 

base  8  ft. 

Massive   Devonian   limestone 4  ft.     Gin. 

Softer,  argillaceous  rock 1  ft. 

Massive  limestone 3  ft.     6  in. 

Layer  with  fish  teeth 1  in. 

Estill  clay  and  Waco  horizon  of  the  Crab  Orchard 

clay  shale,  blue 18  ft.  6  in. 

Solid   limestone 9  in. 

14  B-NW. — North  of  Indian  Fields  a  mile  and  a  half,  west 
of  Kiddville,  east  of  the  western  fork  of  Lulbegrud  creek,  north 
of  the  road,  northwest  of  Jim  Peel. 

Along  the  top  of  the  hillside,  loose  boulders  contain- 
ing WJiitflehMla  C{/lin<Jrica-snb<iiui<lrata  and  large 
crinoid  beads 1  ft. 

Poorly  exposed,  Brassfield  bed,  chiefly  limestone  but 
with  some  interbedded  clay  at  top,  and  half  a  foot 
of  clay  near  the  base 5  ft.  6  in. 

Limestone,  fairly  well  exposed 7  ft.     6  in. 

Top  of  Ordovician. 

15  B-NW. — Northeast  of  Kiddville,   along  a   little   stream 
emptying  into  the  northern  fork  of  Lulbegrud  creek. 

Ferruginous  layer. 

Interval  not  measured,  estimated  at 3  ft. 

Thin  limestone  layers  with  large  crinoid  beads. 
Heavy  cross-bedded  layer,  full  of  CyatliopTiyUum  cali/- 

culmn ;  wave  marked  at  top 8  in. 

Remainder  of  the  Brassfield  bed  not  exposed. 

16  B-NW. — Half  a  mile  east  of  Kiddville,  at  the  junction  of 
the  North  and  East  Forks  of  Lulbegrud  creek. 

Limestone    4  in. 

Thin  limestone  layers,  Oldham  bed,  interbedded  with 

clay   5  ft.     6  in. 

Chiefly  blue  clay,  Plum  creek  bed,  with  a  little  thin 

limestone,  especially  toward  the  top 5  ft. 

Limestone  8  in. 

Ferruginous  layer  with  Oi'tlwtlietes 1  ft.    3  in. 

Interval 1  ft.     6  in. 

Limestone  with  Ci/athophyllum  calyculnm  abundant,  at 

top  of  the  Brassfield  limestone. 
Remainder  of  Brassfield  bed  not  exposed. 
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17  B-NW. — Northeast  of  Indian  Fields  four  miles,  about  a 
quarter  of  a  mile  west  of  Levee. 

Devonian    limestone 1  ft.     6  in. 

Probably  a  fault  or  a  strong  monoclinal  dip. 

Interval    11  ft. 

Light  brown,  thin-bedded  limestones,  interbedded  with 

clay,  Oldham  bed 5ft.     Gin. 

Blue  clay,  thickness  not  accurately  determined,  Plum 

creek  clay,  in  part.    Total  interval  recorded  as...  12ft. 
Sandy  limestone  with  a  few  large  crinoid  beads,  one 

with  a  diameter  of  one  inch,  also  with   Cyatlio- 

pliyllum    calyculmn- 4  in. 

Very  fine-grained  purple  rock,  with  large  crinoid  beads, 

WJiitflcldella,   Orthothetes,   and   Leptaena  rhombaid- 

alis    6  in. 

Interval  belonging  to  Brassfield  horizon  not  exposed. .     6  ft.     6  in. 

Solid  limestone 6  in. 

Softer  layers,  not  well  exposed 2  ft. 

Massive    limestone,    unfossiliferous,    forming   base    of 

Brassfield  bed 5  ft. 

Top  of  Ordovician. 

There  is  a  strong  dip  here,  as  much  as  eighteen  feet  in  a 
distance  of  200  feet.  Making  allowance  for  the  dip,  the  dis- 
tance from  the  base  of  the  Silurian  to  the  base  of  the  Devonian 
may  be  estimated  at  approximately  sixty-seven  feet.  This  would 
necessitate  a  considerable  increase  in  the  estimate  of  the  strata 
above  the  sandy  limestone  with  the  large  crinoid  beads,  since 
no  correction  for  dip  was  made  in  taking  these  measurements. 

20  B-NW.— About  five  and  a  half  miles  east  of  Indian  Fields, 
at  the  road  corner  two  and  a  half  miles  southeast  of  Levee. 

The  base  of  the  Waverly,  which  usually  consists  of  a.  layer 
containing  phosphatic  nodules,  consists  here  of  a  continuous 
purple  phosphatic  bed,  varying  from  one  foot  to  a  foot  and  a 
half  thick. 

At  the  angle  in  the  road,  a  quarter  of  a  mile  farther  north, 
a  hard  argillaceous  rock  is  found  near  the  base  of  the  Black 
shale,  underlaid  by  a  little  additional  black  shale. 

22  B-NW. — About  seven  and  a  half  miles  east  of  Indian 
Fields,  and  a  mile  southwest  of  Jeffersonville,  where  the  road 
crosses  Sycamore  creek. 
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Black  shale,  fissile. 

Hard  argillaceous  r-ock. 

Black    shale 5ft.     Gin. 

Hard  rock,  Devonian 4  in. 

Crab  Orchard  clay  shale,  including  Plum  creek,  Old- 
ham  and  Lulbegrud  horizons 16  ft. 

Thin,  fine-grained  purple  layer. 

Red  sandy  rock,  with  one  crinoid  bead  having  a  diam- 
eter of  three-quarters  of  an  inch 1  ft.  6  in. 

Limestone  in  bed  of  stream,  irregularly  wave-marked, 
with  lumps  of  argillaceous  rock,  also  with  numer- 
ous large  crinoid  beads,  forming  top  of  Brassfield 
layer. 

23  B-NW. — Half  a  mile  northwest  of  Jeffersonville,  at  the 
crossing  of  the  pike  to  Mount  Sterling  over  Sycamore  creek, 
east  of  creek. 

Argillaceous  rock  in  lower  part  of  Black  slate  section. 
Devonian  limestone  poorly  exposed,  on  wast  side  of 

creek  3  ft. 

Interval,  not  exposed,  occupied  chiefly  by  Oldham  and 

Plum  creek  horizons 16  ft. 

Red  sandy  rock 1  ft. 

Layer  with  large  crinoid  beads. 

Interval  occupied  by  Brassfield  limestone 10  ft. 

Red  massive  layer  forming  base  of  Brassfield  bed 2  ft. 

Bed  of  Creek. 

25  B-NW. — A  mile  west  of  Jeffersonville,  on  the  eastern 
side  of  Brush  creek. 

The  interval  between  the  base  of  the  "Devonian  limestone 
and  the  base  of  the  Silurian  appears  to  be  about  twenty-siix  feet. 
The  massive  layer  at  the  base  of  the  Clinton  or  Brassfield  bed 
is  less  than  five  feet  thick,  and  is  cherty.  This  is1  the  most 
southern  exposure  at  which  the  Clinton  is1  found  to  be  distinct- 
ly cherty. 
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Plate  H. 
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P. — SECTIONS  BETWEEN  SPENCER  AND  OLYMPIA. 

(Plate   H,   map   7,  page   202.) 

1  FI. — East  of  Spencer,  west  of  Slate  creek  bridge. 


Devonian  limestone,  brown,  not  brecciated  

4  ft.    3  in. 

94  ft     3  in. 

Brecciated  rock,  like  Duffin  layer  

1  ft.    6  in. 

90ft 

Layer  composed  almost  entirely  of  chert  

1  ft.    6  in. 

88  ft.    6  in. 

Devonian  limestone  with  chert  and  cherty  corals.... 
Interval   .  .     .  .            .  .           

5ft. 
61  ft.    8  in. 

87ft. 
82ft 

Limestone  full  of  WJiifflchlcUa  cylindrica-subquadrdtu, 
C'l/atJiopliyllum  cal.i/culum,  and  0-rtJwthetes.    It  con- 
tains thin  streaks  of  fine-grained  purple  argil- 
laceous rock  at  top  of  Brassfield  bed  

4  in 

20  ft     4  in 

Clay    

2  in 

20ft. 

Thin,  clayey  limestone,  full  of  large  crinoid  beads.. 
Chiefly    clay  

.    2  in. 
2  ft.    5  in. 

19  ft.  10  in. 
19  ft.    8  in. 

Massive  limestone     

5  in 

17  ft     3  in 

Clay    

6  in. 

16  ft.  10  in. 

Massive  limestone  

9  in. 

16  ft.    4  in. 

Chiefly  clay  

10  in. 

15  ft.    7  in. 

Thin  limestone  layers  

10  in. 

14  ft.    9  in. 

Chiefly  clay,  poorly  exposed  

2ft. 

13  ft.  11  in. 

Thin-bedded  limestone  

1  ft.    8  in. 

11  ft.  11  in. 

Massive    limestone  

8  in. 

10  ft.    3  in. 

Limestone   in   thin    layers,   separated   by   blue   clay 
partings    

3  ft 

9  ft     7  In 

Massive  limestone  

1  ft.    4  in. 

6  ft.    7  in. 

Massive    limestone  

Sin. 

5  ft.    3  in. 

Blue   clay  

9  in. 

4  ft.    7  in. 

Thin-bedded  limestone.    Base  of  Brassfield  bed  

3  ft.  10  in. 

3  ft.  10  in. 

Top  of  Ordovician. 

2  FI.  —  East  of  Spencer,  on  the  eastern  side  of  Slate  creek, 
south  of  the  pike  following  the  railroad. 


Devonian  limestone,  full  of  chert 

Interval   

Devonian  limestone,  massive,  cherty. % 

Interval     

Base  of  Brassfield  bed,  exposed  on  west  side  of  Slate 
creek  bridge. 


5ft. 

1  ft.  2  in. 
3ft. 
56ft. 


65  ft.  2  in. 
60  ft.  2  in. 
59  ft. 
56ft. 
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3  FI. — Section  along  the  pike  east  of  Howard's  Mills. 

Cherty  base  of  the  Brassfield  or  Clinton  bed. 

Belfast    bed 15  In. 

Greenish  Upper  Richmond  clay 24  ft. 

Sandy  clayey  limestone  interbedded  with  sandy  clay, 

Middle  Richmond 27  ft.  6  in. 

Massive  sandy  Middle  Richmond  limestone  bed,  con- 
taining Strophomena  vetusta,  Strophomena  planum- 
bona,  Streptelasma  rusticwn-canadensis,  and  Heber- 
tclla  sinuata 5  ft.  6  in. 

Poorly  exposed  sandy  clayey  rock,  Lower  Richmond..  12ft.     Gin. 

Blue  clay  rock,  spalling  and  cracking  irregularly 17  ft. 

Sandy  clay  with  Prasopora  not  very  common 5  ft.     6  in. 

Prasopora  hospitalis  abundant  in  sandy  clay 6  ft.     6  in. 

Hard  blue  clay  rock,  regarded  as  of  Lower  Richmond 
age,  containing  Prasopora,  Lophospira  boicdeni,  and 
lamellibranchs  3  ft. 

Bluish  clay  rock,  much  broken,  Lower  Richmond, 

Prasopora  common 4  ft.  6  in. 

Blue  limestone 8  in. 

Rubble  limestone  composed  largely  of  bryozoan  re- 
mains, probably  at  junction  of  Lower  Richmond 
and  upper  Maysville  horizons,  including  forms  of 
each  not  carefully  discriminated  af  this  exposure.  12ft.  9  in. 

Platystropliia  lynx  found  in  lowest  part  of  a  section 
consisting  of  dark  blue  clay  rock,  nearly  unfossilif- 
erous,  belonging  to  the  Arnheim  bed 18ft. 

Platystrophia  lynx  abundant  at  various  levels 42  ft. 

Fossils  scarce 12  ft. 

Creek  level. 

4  FI. — Two  and  a  quarter  miles  southwest  of  Preston,  west 
of  a  small  branch  entering  Slate  creek  from  the  south,  along 
the  road  to  Howard's  Mills. 


Abundant  chert,  loose,  left  after  the  decay  of  Devonian 

limestone. 
Interval,  poorly  exposed,  down  to  base  of  Plum  creek 

clay 76  ft. 

Wave-marked  layer  with  large  crinoid  beads 1  8  in. 

Interval  j     5  ft. 

Limestone  with  crinoid  beads j     2  ft. 

Solid  limestone,  belonging  to  the  Brassfield  bed !  7  in. 


Irregularly  bedded  limestone  interbedded  with  clay. . . . 


Blue    clay 4  in. 

Solid    limestone 1  ft.  6  in. 

Blue   clay 6  in. 

Massive  limestone  with  chert,  forming  the  lower  part] 

of  the  Clinton  or  Brassfield  bed . .  . .  f  '  3  ft.  7  in.   j     3  ft.    7  in. 


3ft. 


93ft. 
17ft. 
16ft. 
lift. 

9ft. 

8ft. 

5ft. 

5ft. 

4ft. 


2  in. 
2  in. 
6  in. 
6  in. 

6  in. 
11  in. 
11  in. 

7  in. 
lin. 
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5  FI. — Southwest  of  Preston  a-bout  two  miles  in  a  direct 
line,  along  the  road,  east  of  a  small  branch  entering  Slate  creek 
from  the  south. 


2ft. 

96  ft.  ICtf'1"'. 

60ft. 

94  ft.  10  in. 

Thinner  Oldham  limestone    with  mere  clay  

3ft. 

34  ft.  10  in. 

Thin  Oldham  limestone    with  less  clay  

6  ft.    6  in. 

31  ft.  10  in. 

Plum  creek  clay  

5ft.   £in. 

25ft.   4  in. 

Wave-marked  layer  of  limestone  

4  in. 

19  ft.  10  in. 

Clay    

4  in. 

19ft.   6  in. 

Limestone,  strongly  ferruginous,  wave-marked,   red 
purple  in  part      11  liltfi-cldclla.  

1ft. 

19ft.   2  in. 

Brassfield  limestone,  full  of  large  crinoid  beads  

2  in. 

18  ft.  2  in. 

Clay    

2  ft.    6  in. 

18ft. 

Strongly  wave-marked  layer  of  limestone  with  large 

9  in. 

15  ft.   6  in. 

Clay    

2  ft.    3  in. 

14  ft.    9  in. 

Irregular    limestone  

1  ft.   2  in. 

12  ft.    6  in. 

Solid    limestone  

10  in. 

11  ft     4  in. 

Clay    

Gin. 

10  ft     6  in. 

Massive  limestone,  belonging  to  the  Brassfield  bed... 

10ft. 

10ft. 

About  a  mile  west  of  Preston,  along  the  railroad,  a  short 
distance  east  of  the  home  of  William  Johnson,  the  Whitfieldella, 
layer  is  exposed.  The  Devonian  limestone  is  seen  farther  east, 
in  a  deep  railroad  cut.  Here  the  following  exposures  are  seen: 

Devonian  Black  shale. 

Devonian    limestone 11  ft. 

Alger    clay 60  ft. 

Oldham  limestone  and  clay 5  ft. 

Plum  creek  clay 7  ft. 

Light  brown  limestone 

Clay   

Ferruginous    limestone    with    large    crinoid    beads    in 

lower  part 1  ft. 

Limestone,    containing   large   crinoid    beads    and    one 

well-preserved    WhtificldcUa   subquadrata 

Clay,  at  top  of  Brassfield  section 

Limestone   

Clay    

Ferruginous  limestone 1  ft. 

Remainder  of  Brassfield  section  not  examined. 


6  in. 
4  in. 
Sin. 


5  in. 

Tin. 
4  in. 
Tin. 
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About  four  miles  east  of  Owingsville,  on  the  northern  side 
of  Rose  Run,  there  is  a  wide  area  in  vv^hich  oolitic  iron  ore  is 
quarried.  Here  the  following1  section  is  exposed: 

Oldham  limestone  and  clay,  lower  part  of  section 5ft. 

Plum   creek  clay 8ft. 

Limestone,    wave-marked 4  in. 

Blue  hydrated  iron  ore 5  in. 

Red  hematitic  iron  ore 3  ft'. 

Brown  limestone,  top  of  Brassfield  section 5  in, 

Clay    4  in. 

Limestone  with  large  crinoid  beads G  in. 

Remainder  of  Brassfield  section  not  measured. 

6  FI. — South  of  Preston  about  a  mile,  east  of  a  small  branch- 
entering  Mill  creek  from  the  west 


Black  shale. 

Brownish  rock  with  traces  of  the  brecciated  appearance 

of  the  Duffin  layer 2  ft.  6  in. 

Cherty  Devonian  limestone 5  ft.  6  in. 

Layer  with  fish  remains I  3  in. 

Alger  clay,  exno^ed  for  a  vertical  distance  of 60  ft. 


68  ft.  3  in, 
65  ft.  9  in. 
60  ft.  3  in. 

60ft. 


7  FI. — Southeast  of  Preston,  two  miles!  in  a  direct  line,  on 
the  eastern  side  of  Blue  Bank  creek,  south  of  the  road. 

Black  shale. 

Cherty  limestone 1  ft. 

Brown  limestone,  full  of  Ambocoelia  umbonata 1ft.     Gin. 

Reddish  limestone,  massive 1  ft.    3  in. 
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PART  II. 

ECONOMIC    GEOLOGY. 


Tli©  Chemical  Characteristics  of  the  Ordovician  Rock? 

of  Kentucky. 

The  High  Bridge  formations  of  Kentucky  consist  almost  en- 
tirely of  limestone  with  a  high  percentage  of  lime  (more  than 
60  per  cent,  of  calcium  carbonate)  and  a  low  percentage  of 
silica  (less  than  5  per  cent).  Judging  from  the  few  analyses 
so  far  recorded,  the  Camip  Nelson  and  Oregon  divisions  are 
distinctly  more  magnesian  (from  10  per  cent,  of  magnesium 
carbonate  in  the  case  of  the  Camp  Nelson  division  to  36  per 
cent,  in  the  Oregon)  than  the  Tyrone  division  (2  per  cent.), 
while  the  Tyrone  division  is  distinctly  more  calcareous  (95  per 
cent,  of  calcium  carbonate,  in  place  of  60  per  cent.,  compared 
with  the  Oregon,  and  80  per  cent.,  compared  with  the  Camp 
Nelson  divisions). 

The  Curdsville  bed,  the  lowest  division  of  the  Lexington  for- 
mation, consists  of  crystalline  limestone.  This  is  followed  by 
the  argillaceous  limestones  and  interbedded  clay  shales  of  the 
Logana  bed,  and  the  less  argillaceous  limestones  of  the  Wilmore 
division;  the  Paris  bed,  which  forms  the  top  of  the  Lexington 
in  by  far  the  greater  part  of  Central  Kentucky,  again  is 
a  crystalline  limestone,  with  a  high  percentage  of  lime  (often 
more  than  90  per  cent,  of  calcium  carbonate).  The  percentage 
of  silica  in  the  Lexington  limestones  formerly  submitted  to 
analysis  is  small,  and  while  some  of  these  limestones  contained 
very  little  magnesium'  carbonate,  others,  referred  to  horizons 
here  called  Lexington,  are  accredited  with  10  to  20,  and  even 
35  per  cent,  of  magnesium  carbonate.  The  Perry ville  limestone, 
the  Upper  Birdseye  of  Linney,  has  not  been  studied  as  yet 

In  the  lower,  or  Greendale  division  of  the  Cynthiana 
formation,  argillaceous  limestones  predominate,  and  these 
are  interbedded  with  calcareous  clays  and  clay  shales,  but 
in  the  upper,  or  Point  Pleasant  division  the  quantity 
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of  argillaceous  material  usually  is  distinctly  less,  and 
in  some  localities  the  Point  Pleasant  division  contains  80 
per  cent,  of  calcium  carbonate,  and  12  per  cent,  of 
magnesium  carbonate,  with  very  little  silica  or  alumina.  Along 
the  Ohio  river,  the  quantity  of  silicious  material  in  the  lime- 
stones at  the  t&p  of  the  Cynthiana  formation  is  considerably 
greater  (from  10  to  20  per  cent.).  The  name  for  the  lower  of 
these  subdivisions  of  the  Cynthiana  formation  was  suggested 
by  J.  M.  Nickles;  the  upper  division  was  named  by  Professor 
Orton. 

For  the  lower  and  middle  parts  of  the  Eden  division  of  the 
Cincinnatian  series  of  rocks  the  name  Mill  ion  beds  has  been 
proposed.  These  consist  chiefly  of  clay  shale,  limestone  forming 
often  less  than  a  tenth,  and  very  frequently  less  than  a  fourth, 
of  the  section.  These  clay  shales  are  distinctly  calcareous  (from 
5  to  13,  and  even  18  per  cent,  of  calcium  carbonate),  the  silicious- 
content  is  considerable  ( from  50  to  TO  per  cent. ) ,  and  the  quan- 
tity of  alumina  may  equal  or  even  exceed  12  per  cent.  The  quan- 
tity of  magnesia  is  usually  small,  sometimes  less  than  1  per 
cent.  The  limestones  of  this  division  usually  are  rich  in  calcium 
carbonate  (88  to  96  per  cent.)  and  usually  are  poor  in  silica, 
although  occasionally  layers  with  10  to  16  per  cent,  of  silica 
occur. 

The  limestones  of  the  Lower  Garrard  or  Upper  Eden  bed 
usually  are  accredited  with  a  large  percentage  of  sdlicious1  ma- 
terial (from  75  to  90  per  cent,),  with  often  lessi  than  1  per  cent, 
of  carbonate  of  lime,  but  with  6  to  10  per  cent,  of  alumina. 
Specimens  not  affected  by  weathering  probably  would  show  a 
greater  per  cent,  of  lime.  For  this  part  of  the  Upper  Eden  bed, 
the  name  Paint  Lick  bed  is  proposed. 

The  Fairmount  bed,  in  the  lower  part  of  the  Maysville  di- 
vision of  the  Cincinnatian'  series  of  rocks,  contains  usually  a 
considerable  quantity  of  rough  irregular  limestones  with  an 
abundance  of  fossil  remains.  The  percentage  of  calcium  car- 
bonate is  high  (from  87  to  93  per  cent.),  while  the  percentage 
of  silica  usually  is  small  (from  1  to  3  per  cent. ) .  In  the  eastern 
part  of  the  State  there  is  a  recurrence  of  argillaceous,  and  more 
silicious  limestones  in  the  upper  part  of  the  Fairmount  bed,  re- 
producing conditions  found  in  the  Lower  Garrard  bed  of  Centfal 
Kentucky.  For  this  phase  of  the  Fairmount  bed,  the  name  Tote 
layer  is  suggested,  from  the  very  characteristic  exposure  about 
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three  miles  west  of  Richmond.  An  equally  good  exposure  is 
seen  along  the  railroad,  south  of  Maysville. 

The  limestones  from  the  upper  part  of  the  Maysville  division 
often  contain  75  to  88  per  cent,  of  carbonate  of  lime,  and  6  to 
14  per  cent,  of  sdlicious  material,  \vith  little  alumina  or  mag- 
nesium carbonate.  The  clays,  on  the  contrary,  contain  from  60 
to  80  per  cent  of  silicious  matter,  from  7  to  10  per  cent,  of 
alumina,  and  from  3  to  15  per  cent,  of  lime,  being  very  variable 
as  to  their  calcareous  content.  To  the  strata  from  the  base  of 
the  Fairmount  bed  to  the  middle  or  top  of  the  Arnheim  bed, 
Prof.  N.  S.  Whaler  gave  the  name  Kentucky  river  limestone. 

The  Lower  Richmond  or  Waynesville  bed,  in  the  greater  part 
of  Kentucky,  consists  of  indurated  clay  rock  with  a  more  shaly 
section  at  the  base.  \Yest  of  the  Cincinnati  geanticline  this  is 
replaced  by  argillaceous  limestone;  and  towards  the  Ohio  river, 
on  the  eastern  side  of  the  geanticline,  blue  clays  interbedded 
with  a  moderate  quantity  of  thin  blue  limestones  make  their 
appearance. 

The  Middle  Richmond  or  Versailles  bed,  in  the  southern  and 
southeastern  part  of  Kentucky,  consists  of  a  considerable  quan- 
tity of  argillaceous  limestone  interbedcled  with  clay,  often  more 
or  less  indurated.  West  of  the  Cincinnati  geanticline  these 
limestones  often  are  richly  fossilif  erous1 ;  and  toward  the  Ohio 
river,  on  the  eastern  side  of  the  geanticline,  the  section  not  only 
becomes  richly  fossiliferous,  but  the  limestones  interbedded  with 
the  clay  are  thicker,  harder,  less  argillaceous,  and  deeper  blue 
in  color. 

The  Upper  Richmond  or  Saluda  bed,  in  all  parts  of  Ken- 
tucky, is  a  distinctly  argillaceous  formation.  Southward,  and 
along  the  western  side  of  the  Cincinnati  geanticline,  a  larger 
part  of  this  section  is  strongly  indurated  and  forms  an  argil- 
laceous limestone.  At  Madison,  Indiana,  a  sample  of  this  rock, 
which  also  wrould  be  typical  for  the  exposures  in  Kentucky  as 
far  south  as  Salt  river,  gave  the  following  result  on  analysis : 

Silica    19. 80 

Alumina    15.05 

Water  (dried  at  212°  F.) 35 

Water  and  loss 5 . 00 

Lime    29 . 19 

Magnesia    1-55 

Carbonic  acid 24 . 61 

Oxide  of  iron 4.45 
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This  suggests  the  presence  of  about  52  per  cent,  of  calcium 
carbonate,  3.25  per  cent,  of  magnesium  carbonate,  5  per  cent,  of 
limonite,  about  37.45  per  cent,  of  clay,  and  only  2.35  per  cent, 
of  free  silica.  From  this  it  may  be  seen  that  the  rock  is  an 
argillaceous  limestone,  and  that  the  term  sandstone  applied  to 
this  rock  is  incorrect.  On  the  eastern  side  of  the  Cincinnati 
geanticline  the  upper  part  of  the  Saluda  bed  consists  chiefly  of 
soft  clay,  and  northward,  toward  the  Ohio  river,  clay  forms  a 
larger  and  larger  part  of  the  entire  Saluda  section. 

From  the  upper  part  of  the  Richmond  division  of  the  Cin- 
cinnatian  series  of  rocks,  along  Muddy  creek,  near  Elliston  in 
Madison  county,  the  following  analyses  have  been  published : 

2189. — Shelly  limestone  in  the  bed  of  Muddy  creek;  below 
the  home  of  J.  G.  Covington,  half  a  mile  below  Elliston.  Of  a 
dark  umber-gray  color;  generally  qu:te  friable;  some  portions 
are  compact, 

Geological  position:  Richmond  group.  Collected  by  John 
R.  Procter  and  referred  by  him  to  the  Cumberland  shales. 

2190. — Impure  limestone.  From  below  the  mill-dam  on 
Muddy  creek,  southwest  of  Elliston.  A  pretty  firm,  fine-granu- 
lar or  compact  rock  of  a  handsome  olive-gray  color. 

Geological  position :  From  the  upper  twelve  inches  of  the 
Richmond  division.  Collected  by  John  R.  Procter,  from  rocks 
which  he  referred  to  the  Cumberland  shales. 

2191. — Impure  limestone.  From  the  same  locality  as  the 
last.  Rather  darker  colored  than  the  preceding;  color  inclined 
to  brownish ;  not  so  hard  as  the  last. 

Geological  position :  From  eighteen  to  thirty  inches  below 
the  massive  bluff  limestone  (Brassfield  or  Clinton  bed)  of  the 
Silurian  on  Muddy  creek.  Collected  by  John  R.  Procter  from 
the  top  of  the  Richmond  division,  in  rocks  identified  by  him  as 
Cumberland  shales. 

Analyses ;  rocks  dried  at  212  degrees  F. : 
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No.  2189 

No.  2190 

No.  2191 

Siliceous   residue  

20.740 

25.180 

29.080 

Alumina    ^ 

17.656 

21.256 

Iron   peroxide  L 

10.330 

3.700 

4.120 

Phosphoric  acid  j 

.204 

.204 

Water  and  loss  

6.567 

4  .  902 

4.302 

Lime  carbonate  

48.530 

37.760 

33.560 

Magnesia    carbonats  

11.790 

10.050 

6.955 

Potash       

1.696 

.458 

.578 

Soda    

.347 

.090 

.045 

These  analyses  suggest  that  none  of  the  specimens  contain 
more  than  5  per  cent,  of  free  silica  or  sand.  The  rocks  are  es- 
sentially argillaceous  limestones1  with  7  to  12  per  cent,  of  mag- 
nesium carbonate,  stained  by  relatively  small  quantities  of 
limonite. 

As  far  as  may  be  determined  from  the  analyses  at  hand,  the 
Ordovician  strata  of  Kentucky  consist  chiefly  of  calcium  car- 
bonate and  kaolin.  In  the  limestones,  jhe  calcium  carbonate,  of 
course,  predominates.  In  some  cases  it  forms1  more  than  95  per 
cent,  of  the  rock.  But  in  other  cases  kaolin  forms  such  a  con- 
siderable proportion  of  the  rock  that  the  name  argillaceous  lime- 
stone is  more  appropriate.  Magnesian  limestones  appear  to  be 
rare  or  absent  in  the  Cincinnatian,  but  occur  at  various  hori- 
zons in  the  Jessamine  or  Mohawkian-  series  of  rocks.  Lime- 
stones containing  considerable  quantities  of  free  silica  or  sand 
are  rare  apparently,  except  at  the  Garrard  horizon,  and  in  the 
lower  part  of  the  Maysville  division  of  the  Cincinnatian. 

In  the  clays  there  often  is  a  considerable  admixture  of  free 
silica  or  sand  (from  20  to  50,  and  even  GO  per  cent.),  the  larger 
quantities  occurring  usually  in  the  lower  Garrard  or  Paint  Lick 
bed  and  upper  Fairmount  or  Tatc  layer.  Magnesium  carbonate 
occurs  in  small  quantities,  frequently  forming  less  than  1  per 
cent.,  and  rarely  more  than  4  per  cent,  of  the  clay.  Calcium 
carbonate  also  usually  forms  only  a  small  part  of  the  clay,  but 
it  frequently  forms  as  much  as  5  per  cent.,  and  occasionally 
exceeds  8,  and  even  14  per  cent.  Where  it  is  present  in  consid- 
erable quantities,  the  clay  is  likely  to  be  more  or  less  indurated, 
forming  an  argillaceous  or  clay  rock. 

In  collating  the  various  analyses  of  Ordovician  rocks  of  Ken- 
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tucky  so  far  published,  it  was  noted  that  hitherto  no  systematic 
investigation  of  the  chemical  composition  of  the  Ordovician 
rocks  of  the  State  had  been  attempted.  The  selections  of  samples 
for  analysis  appear  to  have  been  made  at  random.  Sometimes 
many  analyses  have  been  made  from  practically  the  same  hori- 
zon, while  intermediate  horizons  have  remained  unknown.  More- 
over, it  is  no  longer  possible  to  identify  with  confidence  the 
horizons  from  which  many  of  the  specimens  analyzed  were  ob- 
tained; on  this  account  they  can  not  be  used  safely  in  forming 
opinions  as  to  the  general  characteristics,  chemically,  of  Ken- 
tuckian  strata.  This  may  be  readily  accounted  for.  At  the 
time  when  mosit  of  these  analyses  were  made,  the  knowledge  of 
the  stratigraphy  of  Ordovician  strata  was  less  advanced  than 
at  present.  In  consequence,  it  wras  difficult  either  to  identify  or 
to  describe  horizons  from  which  samples  were  selected  in  such 
a  manner  that  their  relative  position  could  be  determined  with 
exactness.  Under  these  circumstances  there  was  very  little  in- 
centive to  the  systematic  selection  of  material  for  analysis. 
Moreover,  the  demand  for  artificial  cements  was  less  imperative 
than  to-day,"  and  hence  one  of  the  possible  uses  of  Ordovician 
strata  did  not  invite  investigation  as  much  as  at  present. 

The  same  indefiniteness  as  to  horizons  is  characteristic  also 
of  the  analyses  of  the  Silurian  rocks  of  Kentucky,  hitherto  made. 
A  few  analyses  made  in  connection  with  the  present  survey, 
however,  supplement  those  by  former  surveys,  so  that,  while  our 
knowledge  of  Silurian1  strata  is  still  very  fragmentary,  it  is, 
nevertheless,  more  definite  than  that  of  Ordovician  rocks.  The 
present  paper  is  to  be  regarded  only  as  preliminary  to  fuller 
investigation's  and  shows  merely  the  present  stage  of  progress. 

The  preceding  account  of  the  chemical  characteristics  of  the 
Ordovician  rocks  has  been  offered  only  in  order  to  serve  as  a 
means  of  comparison  with  the  Silurian  strata,  next  to  be  de- 
scribed. 
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The  Chemical  Characteristics  of  the  Silurian  Rocks  of 
Kentucky  East  of  the  Cincinnati  Geanticline. 

A.    SILURIAN  LIMESTONES. 

No  analyses  of  the  limestones  of  the  Brassfield  bed  and  of 
the  immediately  overlying1  parts  of  the  Crab  Orchard  bed  have 
been  made  by  the  present  Survey.  A  number  of  analyses,  how- 
ever, have  been,  made  by  former  geological  surveys,  and,  although 
the  exact  horizon  from  which  the  samples,  analysed  were  ob- 
tained can.  not  be  determined  in  several  cases,  in  spite  of  their 
apparently  very  definite  location,  these  analyses  probably  give 
a  very  fair  idea  of  the  general  characteristics  of  the  strata  in 
question. 

2192. — Impure  limestone;  from  below  the  mill-dam  on  Mud- 
dy creek,  southwest  of  Elliston. 

Geological  position :  From  the  bottom  stratum  of  the  Si- 
lurian, resting  on  the  top  of  the  Richmond  division.  This  would 
place  it  at  the  base  of  the  Brassfield  bed.  Collected  by  John  R. 
Procter. 

A  granular  limestone;  somewhat  cellular;  containing  some 
petroleum,  which)  gives  it  a  browTnish  color.  It  weathers 
ochreous. 

2193. — Impure  limestone ;  from  below  the  mill-dam  on  Muddy 
creek,  southwest  of  Elliston. 

Geological  position :  Silurian.  Top  stratum,  eight  inches 
thick.  Probably  fromi  the  top  of  the  Brassfleld  beds,  although 
some  of  the  Oldham  limestones  of  the  Crab  Orchard  bed  also 
are  exposed  at  this  locality. 

An  impure  granular  limestone;  somewhat  cellular;  dark 
brownish-gray,  somewhat  mottled.  Contains  petroleum,  the  in- 
filtration of  which  gave  the  dark  color  to  the  rock.  When 
heated  over  the  alcohol-lamp,  the  petroleum  exudes  from  it.  It 
weathers,  ferruginous. 

2194. — Impure  limestone.  Prom  just  below  the  mill-dam  on 
Muddy  creek.  Elliston. 

Geological  position:  Second  stratum  from  the  top.  Prob- 
ably from  the  upper  part  of  the  Brassfield  bed.  Collected  by 
John  R.  Procter. 
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It  resembles  the  preceding,  but  is  darker  colored.  It  also 
contains  petroleum  and  some  iron  pyrites. 

2195. — Impure  limestone.  From  below  the  mill-dam  on 
Muddy  creek,  southwest  of  Elliston. 

Geological  position:  Third  stratum  from  the  top.  Prob- 
ably from  the  upper  part  of  the  Brassfield  bed.  Collected  by 
John  R.  Procter. 

Resembles  the  preceding;  rather  finer-grained  and  harder; 
also,  containing  petroleum.  Exterior  surface  weathered  ferru- 
ginous. 

Analyses;  samples  dried  at  212  degiees  F. : 


No.  2192 

No.  2193 

No.  2194 

No.  2195 

Bitumen   water  and  loss     

1.396 

10  870 

6.493 

2.460 

Siliceous  residue  

9.980 

3.980 

4.120 

3  920 

Alumina  ) 

11.360 

9.960 

5.960 

12.360 

Phosphoric  acid  ' 

.140 

Iron  peroxide  

3.500 

3.900 

3.566 

4.460 

Iron  sulphide  

.576 

Lime  carbonate  

45.700 

50.860 

50.960 

51.200 

Magnesia  carbonate  

27.475 

20.100 

27.972 

25.124 

Potash    

.501 

.276 

.276 

.287 

Soda  

.088 

.054 

.087 

.049 

Total  

100.000 

100.000 

100  000 

100.000 

Percentage  of  lime  

25.592 

28.480 

28.538 

28.672 

Of  magnesia  

13  083 

9.608 

13  319 

11.899 

796,  797. — Clinton  Group  limestones,  from  Bath  county. 

Geological  position:  Exact  position  unknown;  probably 
from  the  Brassfleld  bed,  or  the  base  of  the  Crab  Orchard  bed, 
beneath  the  Plum  Creek  clay. 


No. 

796 

No. 

797 

Silica  and  silicates i  17.540  1.980 

Alumina,  iron  and  manganese  oxides 9 . 020  11 . 408 

Iron    carbonate 3.095 

Phosphoric  acid 117  .592 

Sulphuric  acid i  .633  .235 

Lime  carbonate i  53 . 24~u"  51 . 580 

Magnesia  carbonate I  18.531  28.779 

Potash    |  .444     j         .209 

Soda    ,  .212  Trace 
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973. — Magnesian  limestone.  Clinton  Group,  at  Hillsboro, 
Fleming  county.  Dull,  dirty-buff,  impure  limestone,  with  crin- 
oid  beads,  small  specks  of  mica,  and  brownish  stains  of  oxide 
of  iron. 

Geological  position :  At  very  top  of  the  Brassfield  or  Clinton 
bed,  immediately  below  the  Whitfieldeila  layer. 

674. — Yellow  red  porous  rock,  over  crinoidal  limestone.  A 
mile  and  a  half  east  of  Mount  Carmel,  Fleming  county. 

Geological  position :  Probably  the  base  of  the  Crab  Orchard 
bed,  from  the  Whitfieldella  layer  or  immediately  a.bove. 

Analvses : 


No.  973 

No.  674 

Water  and  less  

1.858 

1.802 

Silica  and  insoluble  silicates  

10.880 

2.880 

Alumina   

1.080 

^ 

Iron  oxide  

11.073 

1 

Iron  carbonate  

5.155 

L12.240 

Manganese  carbonate  

.421 

1 

Phosphoric  acid  

.848 

.630 

Sulphuric  acid         .  .       .           

.324 

.337 

Lime  carbonate            

42.680 

71.700 

Magnesium  carbonate                  

25.358 

9.931 

Potash  

.290 

.341 

Soda          ....         

.033 

.139 

A  comparison  of  the  analyses  of  th?  rocks  from  Muddy  creek, 
near  Elliston,  in  Madison  county,  shows  a  considerable  uni- 
formity in  chemical  composition.  The  rocks  are  evidently  mag- 
nesian  limestones!.  The  total  quantity  of  calcium  and  magne- 
sium carbonate  varies  between  71  and  79  per  cent.,  the  quan- 
tity of  the  magnesium  carbonate  being  about  half  that  of  the 
calcium  carbonate.  The  total  quantity  of  alumina  and  silicious 
matter  varies  between  10  and  20  per  cent.  The  silicious1  matter 
probably  is  combined  chiefly  with  alumina,  so  that  there  is  little 
free  silica  or  sand.  The  color  of  the  rocks  is  due  chiefly  to  iron. 

The  so-called  Clinton  limestones,  from  Bath  county,  present 
closely  similar  features.  The  total  quantity  of  calcium  and 
magnesium  carbonate  varies  from  72  to  80  per  cent.,  the  mag- 
nesium carbonate  averaging  to  alkmt  half  of  the  calcium  car- 
bonate. Tlie  color  of  the  rock  is  due  chiefly  to  iron.  The  rela- 
tive quantity  of  silica  and  alumina  differs  considerably  in  the 
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two  specimens.  In  sample  No.  796  there  may  have  been  free 
silica  or  sand. 

The  specimen  from  Hillsboro,  in  Fleming  county,  shows  sim- 
ilar features.  The  total  quantity  of  calcium  and  magnesium 
carbonate  is  68  per  cent.,  the  magnesium  carbonate  equalling 
roughly,  half  of  the  calcium  carbonate.  The  quantity  of  iron  is 
considerably  greater  than  in  the  case  of  rocks  undoubtedly  from 
the  Brassfleld  bed.  This  agrees  with  observations  so  far  made 
in  the  field,  according  to  which  the  more  distinctly  ferruginous 
Jayers  begin  with  the  layer  containing  large  crinoid  beads,  at 
the  top  of  the  Brassfield  bed,  and  these  are  followed  by  still  more 
ferruginous  layers  immediately  above  the  Whitfieldella  layer, 
in  the  lower  part  of  the  Crab  Orchard  bed.  The  Hillsboro  speci- 
men probably  contained  free  silica  or  sand.  This  also  is  in 
keeping  with  observations  in  the  field,  the  crinoid  layer  at  the 
top  of  the  Brassfield  bed,  and  the  immediately  overlying  layer, 
usually  having  a  sandy  appearance. 

The  horizon  of  the  limestone  from  Fleming  county  is  not 
definitely  known.  The  chief  notable  features  are  the  much 
larger  percentage  of  calcium  carbonate,  and  the  correspondingly 
small  percentage  of  magnesium  carbonate. 

A  comparison  of  the  limestones  from  the  Brassfield  bed  and 
from  the  lower  part  of  the  Crab  Orchard  bed  with  the  so-called 
Clinton  limestones  of  Ohio  shows  that  the  latter  contain  a  much 
larger  percentage  of  calcium  carbonate  and  a  much  smaller 
quantity  of  magnesium  carbonate.  This  appears  to  be  true  es- 
pecially of  the  more  northern  or  northeastern  exposures.  For 
instance,  at  Centreville  and  Eaton  the  percentage  of  calcium 
carbonate  is  about  85,  and  that  of  magnesium  carbonate  about 
12 ;  while  at  Dayton,  Brown'si  quarry  west  of  New  Carlisle,  and 
Ludlow  Falls  the  Clinton  limestone  contains  from  91  to  nearly 
98  per  cent,  of  calcium  carbonate,  and  from  0.22  to  6.5  per  cent, 
of  magnesium  carbonate.  At  all  of  these  localities  the  quantity 
of  silica  is  very  small  (1  per  cent,  or  less).  The  quantity  of 
alumina  is  even  less. 

B.    THE  FERRUGINOUS,  PHOSPHATIC,  AND  MAGNESIAN  CONTENT 
OF  SILURIAN  ROCKS. 

In  Kentucky,  the  most  characteristic  feature  of  the  Brass- 
field  or  Clinton  bed,  and  of  the  immediately  overlying  limestone* 
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at  the  base  of  the  Crab  Orchard  bed,  below  the  Plum  creek  hori- 
zon, is  the  considerable  increase  of  magnesium  carbonate  as  con- 
trasted with  the  percentage  of  this  material  in  the  limestones 
and  clays  of  the  Cincinnatian  formations.  This  increase  in 
the  quantity  of  magnesium  carbonate  is  accompanied  by  a  cor- 
responding decrease  in  the  quantity  of  calcium  carbonate. 

The  increase  in  the  quantity  of  iron  present,  although  rang- 
ing only  from  3.5  to  4.5  per  cent,  when  measured  in  the  form 
of  iron  peroxide  in  the  case  of  the  Muddy  creek  limestones,  also 
is  noteworthy,  since,  at  many  points  on.  the  eastern  side  of  the 
Cincinnati  geanticline,  this  culminates)  at  the  base  of  the  Crab 
Orchard  bed  in  a  distinctly  ferruginous  horizon,  which  at  sev- 
eral localities  is  of  commercial  value.  Analyses  of  ferruginous 
layers  from  several  localities  in  Bath  county  show  their  value 
as  ores. 

2575. — Iron  ore,  from  Camel  Rice,  taken  from  the  land  of 
Captain  W.  G.  Allen.  Ore  of  a  yellowish-brown  color  of  the 
usual  structure  (oolitic)  of  the  Clinton  iron  ore.  Bath  county. 

Geological  position:  Near  the  base  of  the  Crab  Orchard 
bed,  below  the  Plum  creek  horizon.  Collected  by  W.  M.  Lin- 
ney,  June,  1885. 

2576. — Iron  ore  from  the  Clinton  group  on  the  Purvis  lands, 
in  Bath  county.  Resembles  the  preceding,  but  is  reddish  in 
color. 

Geological  position :  From  near  the  base  of  the  Crab  Orchard 
bed,  below  the  Plum  creek  horizon.  Collected  by  W.  M.  Linney, 
June,  1885. 

2577. — Iron  ore.  Average  sample  from  the  lands  of  Wil- 
liam Warren,  near  the  head  of  Rose  Run.  Bath  county.  Clin- 
ton Group.  Ore  of  the  structure  of  Clinton  ore,  of  a  reddish- 
brown  color. 

Geological  position:  Near  the  base  of  the  Crab  Orchard 
bed.  Ferruginous  layer  below  the  Plum  creek  horizon.  Col- 
lected by  W.  M.  Liuney,  June  1,  1885. 

Although  the  iron  in  the  analysis  is  estimated  as  peroxide, 
some  of  it,  in  all  these  ores,  is  in  the  form  of  ferrous  carbonate. 
These  ores  have  a  considerable  proportion  of  lime  and  magnesia, 
which  will  aid  in  fluxing  them,  and  a  notable  quantity  of  phos- 
phoric acid,  which  will  not  prevent  their  profitable  use  in  the 
production  of  merchantable  iron1. 
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Analyses;  samples  air-dried: 


No.  2575 

No.  2576 

No.  2577 

Water  expelled  at  212°  F  

1.143 

693 

1  607 

Carbonic  acid  water  etc  

10  863 

11.283 

8  445 

Silica    r.  

7.160 

7  800 

6.960 

Alumina    

5  468 

5  132 

3  720 

Phosphoric  acid  (P.O-)  

1.202 

1.138 

1.010 

Iron    peroxide  

47.630 

51.430 

58  570 

Lime  carbonate  

16  560 

13.080 

15  160 

Magnesia   carbonate  

9  974 

9  444 

4  528 

Percentage  of  iron  

33.341 

36  001 

40  999 

1655. — Limonite  with  carbonate,  said  to  be  eighteen  to  twen- 
ty feet  thick,  from  near  Owingsville,  on  the  road  to  Slate  creek. 

Geological  position :  From  near  the  base  of  the  Crab 
Orchard  bed,  below  the  Plum  creek  horizon.  Collected  by  Phil- 
ip N.  Moore. 

Of  a  fine  oolitic  structure.  Colors  varying  from  yellowish 
and  reddish-brown  to  grayish-brown,  with  greenish-gray  infil- 
trations in  some  parts. 

Analyses;  dried  at  212  degrees  F. : 

Combined  water 7.835 

Siliceous   residue 7.350=  7.560  of  silica. 

Alumina    8.346 

Iron  peroxide 39.063 

Iron   carbonate 11.479=30.734  of  iron,  total. 

Phosphoric  acid . 868=     . 379  of  phosphorus. 

Manganese  peroxide not  estimated. 

Sulphuric    acid 185=     .  074  of  sulphur. 

Lime,  carbonate 18.710 

Magnesia    6.159 

While  the  percentage  of  calcium  carbonate  and  magnesium 
carbonate  in  these  ferruginous  layers  may  seem  considerable, 
viewing  them  as  ores,  they  are  inconsiderable  when  compared 
with  the  quantities  of  these  substances  in  ordinary  Brassfield 
and  lower  Crab  Orchard  limestones.  C(  nsidered  as  an  ore,  the 
total  quantity  of  silica  and  alumina  also  is  notable. 

The  composition  and  origin  of  these  ores  hasi  not  been  fully 
investigated.  They  consist  apparently  of  an  intimate  mixture 
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of  limonite,  hematite  and  iron  carbonate.  Where  hematite  pre- 
dominates the  color  is  more  strongly  reddish  or  reddish-brown. 
It  has  been  thought  by  some  that  the  hematite  was  deposited 
in  place,  simultaneously  with  the  calcium  carbonate,  as  part  of 
the  original  sediment.  Water  percolating  slowly  but  for  long 
distances  through  the  ground,  when  coining  in  contact  with 
rocks  having  a  favorable  texture  and  composition,  may  take  con- 
siderable quantities  of  iron  compounds  into  solution.  These  iron 
compounds  are  taken  up  probably  chiefly  in  waters  containing 
considerable  carbon  dioxide  and  hence  are  dissolved  most  fre- 
quently in  the  form  of  carbonates.  If  these  carbonates  enter 
the  sea  in  areas  where  the  water  is  comparatively  shallow  and 
little  affected  by  currents,  rich  in  vegetation  and  hence  charged 
with  acids  derived  from  decaying  plants,  they  may  be  precipi- 
tated as  ferric  hydrate  or  limonite,  in  accordance  with  the  fol- 
lowing reaction: 

4FeCO3+3H2O+2O=2Fe2O3 .  3H2O+4CO2. 

This  reaction  is  materially  assisted  by  a  class  of  bacteria 
known  as  iron  bacteria,  which  are  unable  to  exist  without  the 
presence  of  certain  chemical  substances  of  which  iron  carbon- 
ate is  chief.  When  the  iron  carbonate  has  been  taken  up  by  the 
bacteria,  or  absorbed  by  them,  it  is  oxidized  and  limonite  is 
precipitated.  Ordinarily,  if  the  limonite  remains  where  it  is 
kept  moist  there  is  no  further  alteration,  but  at  or  near  the 
surface  in  arid  regions  or  in  times  of  drought  in  humid  regions, 
it  may  be  dehydrated  more  or  less  and  thus  pass  into  hematite. 

The  larger  part  of  the  hematite  found  in  sedimentary  rocks 
is  due  probably  to  segregation  subsequent  to  deposition.  The 
ore  originally  wasi  distributed  through  a  much  greater  mass  of 
rock  and  subsequently  was  concentrated  in  some  special  layer  or 
layers.  Frequently  this  concentration  takes  place  simultaneous- 
ly with  a  replacement  of  original  limestone  deposits  by  the 
hematite.  In  these  cases  the  iron  compounds),  widely  distributed 
throughout  the  rocks,  are  dissolved  by  percolating  waters  in 
the  form  of  iron  carbonate  and  transported  to  other  areas.  If 
at  any  point  these  waters  come  in  contact  with  other  solutions 
rich  in  oxidizing  materials,  hematite,  more  or  less  hydrated, 
may  be  precipitated.  The  reaction  is  as  follows: 

2FeCO3+O+water  =  Fe2O3+2CO2+water. 
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In  the  case  of  the  ferruginous  deposits  in  the  lower  part  of 
the  Crab  Orchard  bed,  below  the  Plum  creek  horizon,  on  the 
eastern  side  of  the  Cincinnati  geanticline,  in  Kentucky,  there 
is  no  doubt  of  a  considerable  concentration  of  the  hematite  and 
other  ferruginous  material  subsequent  to  the  deposition  of  the 
original  limestone.  At  some  localities  numerous  fossil  remains 
occur  in  the  ferruginous  material  which  originally,  of  course, 
consisted  chiefly  of  calcium  carbonate,  but  which  at  present 
are  replaced,  as  a  whole  or  in  part,  by  hematite  or  by  hematite 
mixed  more  or  less  with  limonite  and  iron  carbonate.  A  micro- 
scopical examination  of  the  ferruginous  rock  reveals,  moreover, 
that  a  large  part  of  the  rock  consists  of  the  comminuted  frag- 
ments of  various  bryozoans  and  shells  more  or  less  replaced  by 
ferruginous  material.  While  a  certain  amount  of  precipitation 
pf  ferruginous  material  may  have  occurred  at  the  time  of  deposi- 
tion of  the  original  sediments,  there  is  no  doubt  that  in  their 
present  form  these  ferruginous  deposits  are  the  result  chiefly 
of  concentration  subsequent  to  deposition,  accompanied  by  re- 
placement of  the  original  limestone. 

All  stages  of  concentration,  between  limestones  slightly 
tinged  with  limonite,  hematite,  or  iron  carbonate  and  those  in 
which  the  limestones  have  been  replaced  by  sufficient  of  these 
materials  to  constitute  ores,  may  be  observed  usually  at  the 
same  locality.  The  ferrous  carbonate  in  the  rock  is  due  to  re- 
placement of  calcium  carbonate  and  not  to  original  deposition. 

The  notable  quantity  of  phosphoric  acid  recorded  in  the 
chemical  analyses  of  these  ferruginous  locks  also  is  due  to  con- 
centration subsequent  to  the  deposition  of  the  original  lime- 
stones. This  quantity  is  not  large,  but  it  is1  larger  than  in  the 
non-ferruginous  layers.  The  phosphates,  as  a  rule,  are  dis- 
solved by  percolating  waters  near  the  surface  where  the  rocks 
are  weathering  and  are  segregated  at  or  just  below  the  level 
of  the  ground  water.  This  segregation  occurs  most  frequently 
in  limestones.  It  has  been  suggested  that  this  precipitation  is 
brought  about  simply  by  the  interchange  of  the  bases  in  the 
phosphates!  and  carbonate  of  lime  thus  brought  together.  It 
may  have  resulted  also  from  the  lowering  of  the  solvent  power 
of  the  percolating  water  due  to  loss  of  carbon  dioxide.  This 
would  take  place  whenever  a  part  of  the  carbon  dioxide  was 
used  up  in  dissolving  limestone  or  when  a  part  of  the  carbon 
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dioxide  escaped  from  the  ground  waters  due  to  re- 
lief of  pressure  on  approaching  the  surface  of  the  ground.  The 
zone  of  the  deposition  of  phosphates  frequently  is  also  the  zone 
of  the  removal  of  calcium  carbonate.  It  is  closely  associated 
with  the  zone  of  weathering.  This  raises  the  question  whether 
the  beginning  of  the  period  of  deposition  of  the  Crab  Orchard 
bed  may  not  have  been  a  period  of  weathering  of  rocks  in  this 
and  in  closely  contiguous  areas.  The  sudden  introduction  of 
Whit  ft  eld  ell  a  subquadrata  at  and  immediately  above  the  hori- 
zon with  large  crinoid  beads,  at  the  very  base  of  the  Crab 
Orchard  bed  suggests  some  important  change  geographically.  At 
this  horizon  the  rock  often  is  distinctly  sandy.  The  tops  of  the 
limestone  layers  frequently  are  strongly  wave-marked.  Shallow 
water  conditions,  at  least,  appear  to  have  prevailed. 

Finally,  the  magnesian  content  of  the  Silurian  limestones 
deserves  seme  consideration.  The  quantity  of  magnesium  car- 
bonate in  the  specimens  analyzed  is  not  sufficient,  in  conjunc- 
tion with  the  calcium  carbonate,  to  form  anything  like  a  dolo- 
mite. Nevertheless,  magnesium  carbonate  is  an  important  con- 
stituent of  the  rock.  The  source  of  this  magnesium  is  not  or- 
ganic. In  the  shells  and  skeletons  of  marine  animals  the  quan- 
tity of  magnesium  carbonate  usually  is  less  than  1  per  cent. 
Magnesium  carbonate  is  present  in  sea  water.  It  is  present  in 
larger  quantities  than  calcium  carbonate,  but  the  calcium  car- 
bonate is  largely  taken  up  by  sea  animals  in  the  construction  of 
their  shells  and  other  hard  parts,  while  but  little  magnesiunii 
carbonate  is  used  in  this  manner.  Under  ordinary  conditions- 
magnesium  carbonate  precipitates  much  less  readily  than  cal- 
cium carbonate,  and  is  thrown  down  from  solution  later  than 
the  latter.  It  is  not  known  to  occur  as  a  chemical  precipitate 
in  sea  water,  which  is  far  from  being  saturated  with  this  sub- 
stance. Magnesium  carbonate,  in  consequence,  does  not  appear 
as  an  important  original  constituent  of  rocks.  He  KG  the  ap- 
pearance of  any  considerable  quantity  of  magnesium  carbonate 
in  rocks  suggests  the  presence  of  the  incipient  stages  of  dolo- 
mitization,  or  of  the  partial  replacement  of  the  calcium  carbon- 
ate of  limestones  by  magnesium  carbonate.  TTiis  magnesium 
carbonate  is  supposed  to  be  derived  from  the  various  magnesium 
containing  minerals  of  the  older  rocks,  or  from  the  more  or  less 
dolomitic  limestones  of  later  age.  In  the  more  concentrated 
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areas,  cut  off  from  the  general  circulation  of  the  sea,  dolomiti- 
zation  may  take  place  contemporaneously  with  the  deposition 
of  limestones,  but  as  a  rule  dolomitization  is  believed  to  have 
taken  place  chiefly  after  the  elevation  of  limestone  deposits  above 
the  level  of  the  sea,  when  the  circulation  of  percolating  waters 
throughout  its  mass  is  certain  to  be  greater. 

It  has  been  iioticed  that  magnesian  limestones  are  more 
abundant  among  the  older  rocks  of  the  earth.  It  may  be  that 
in  these  cases  dolomitization  has  had  a  longer  time  to  be  oper- 
ative. It  has  been  noticed  also  that  magnesian  limestones  are 
more  abundant  in  faulted  areas,  where  circulating  waters  had 
better  opportunities1  to  bring  the  magnesium  carbonate  into  solu- 
tion. In  the  case  of  the  Silurian  limestones  of  Kentucky  no 
investigations  were  made  as  to  the  origin  of  the  magnesian 
content. 

Nothing  is  known  of  the  chemical  composition  of  the  Oldhiam 
limestones  in  the  lower  part  of  the  Crab  Orchard  bed  beyond  the 
few  notes  on  the  moderately  ferruginous  layers  given  in  the 
earlier  half  of  this  bulletin.  Several  analyses  have  been  made, 
however,  by  the  present  Survey,  which  give  a  fair  idea  of  the 
general  characteristics  of  the  extensive  layers  of  clay  which 
iform^the  major  part  of  the  Crab  Orchard  bed. 


C.     SILURIAN  CLAYS. 
1.  ANALYSES. 

Most  of  the  following  analyses  have  been  made  for  the  pres- 
ent Survey,  but  several  are  appended  which  were  made  for  the 
earlier  surveys;  as  far  as  is  possible  f/om  the  information  at 
hand,  the  geological  positions  of  the  samples  collected  by  the 
latter  are  indicated  in  accordance  with  the  revised  classification. 

2598. — Clay.  From  Panola,  along  Oldham  branch,  south- 
east of  the  railroad  station ;  Madison  county. 

Geological  position :  Plum  creek  clay.  A  five  foot  clay  layer 
at  the  base  of  the  Crab  Orchard  bed,  immediately  above  the 
Brassfield  or  Clinton  limestones.  Collected  by  A.  F.  Foerste, 
1904. 
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Analysis,  sample  air-dried: 


Moisture    2 . 45 

Ignition  (combined  water,  etc.) 9.94 

Silica    49 . 90 

Alumina 18 . 15 

Ferric    oxide 5 . 57 

Lime  4 . 02 

Magnesia    3 . 32 

Potash   5.32 

Soda   33 

Titanium    dioxide 93 

Sulphates    Trace 


Total    99.93 

2000. — Clay.  From  Irvine,  along  the  road  an  eighth  of  a 
mile  north  of  Estill  Springs,  and  an  eighth  of  a  mile  south  of 
James  Harris;  Estill  county. 

Geological  position:  Lulbegrud  clay,  collected  from  two 
to  thirteen  feet  below  the  massive  two-foot  layer  which  forms 
the  base  of  the  Waco  formation.  This  is  the  middle  clay  of 
the  Crab  Orchard  bed.  Collected  by  A.  F.  Foerste,  1904. 

Analysis,  sample  air-dried: 

Moisture    1.98 

Ignition   (combined  water,  etc.) 6.12 

Silica 58.82 

Alumina    18 . 14 

Ferric    oxide 4.83 

Lime    91 

Magnesia    1 . 74 

Potash     4.71 

Soda   36 

Titanium    dioxide 1.25 

Sulphur    trioxide 12 


Total    98.98 

2187. — Clay  shale  or  indurated  clay.  On  the  hill  two  hun- 
dred yards  north  of  the  home  of  Dr.  Freeman,  two  miles  south- 
east of  Bobtown,  on  the  east  side  of  the  Big  Hill  pike,  north 
of  Joe  Lick  creek. 

Geological  position:  Collected  by  John  R.  Procter,  and 
stated  by  him  to  occur  beneath  the  Corniferous  limestone.  Tke 
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bed  is  six  or  more  feet  thick,  and  contains  gypsum.  Locality: 
K-S-21.  Probably  belongs  to  the  Lulbegrud  clay  division  of  the 
Crab  Orchard  bed. 

Generally  in  thin,  soft,  irregular  laminae,  of  a  light  olive- 
gray  color,  irregularly  varied  with  brownish  yellow  or  ochreous. 
It  contains  gypsum  in  irregular  crystals  between  some  of  the 
laminae.  It  is  quite  plastic  with  water.  Burns  quite  hard,  to 
a  handsome  light  brick  color. 

Analysis,  dried  at  212  degrees  F. : 

Combined  water,  carbonic  acid,  and  loss 5.871 

Silica 48.780 

Alumina    17.320 

Iron   peroxide 3 . 240 

Lime    sulphate , 19.285 

Magnesia 496 

Potash   4 . 768 

Soda   240 

2170. — Indurated  clay.  From  the  farm  of  C.  L.  Searcy,  near 
Elliston,  west  of  Waco  one  mile;  Madison  county. 

Geological  position :  Collected  by  John  R.  Procter  and 
stated  by  him  to  occur  beneath  the  Corniferous  limestone  and  to 
form  a  bed  ten  or  more  feet  thick,  and  to  make  good  soil.  At 
Waco  the  base  of  the  great  mass  of  clays  forming  the  upper 
clay  of  the  Crab  Orchard  bed  occurs  below  the  Devonian  lime- 
stone. It  may  be  that  the  base  of  this  upper  (Estill)  clay  is 
present  also  on  the  Searcy  farm,  although  this  clay  is  known  to 
thin  out  eastward. 

Analysis,  sample  dried  at  212  degrees-  F. : 

Combined  water  and  loss 4 . 147 

Silica 62.580 

Alumina    22 . 940 

Iron  peroxide 3 . 760 

Lime    560 

Magnesia    425 

Potash     5 . 280 

Soda    308 

2599. — Clay.  From  Panola,  at  the  railroad  cut  east  of  the 
station. 

Geological  position:  From  the  upper  clay  of  the  Crab 
Orchard  bed,  forming  the  main  body  of  clays  (Estill)  abovs 
the  Waco  horizon.  Collected  by  A.  F.  Foerste,  1904. 
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Analysis,  air-dried : 


Moisture   2.20 

Ignition  (combined  water,  etc.) 7. 80 

Silica    54.33 

Alumina    19 . 44 

Ferric    oxide 5 . 00 

Lime    1.88 

Magnesia    2.22 

Potash   5.15 

Soda    31 

Titanium    dioxide 1.13 

Sulphur    trioxide 39 


Total    99.85 

2601. — Clay.  From  Irvine,  on  the  hillside  northwest  of  the 
home  of  James  F.  Harris,  one  mile  north  of  town ;  Estill  county. 

Geological  position :  The  upper  or  chief  body  of  clay  ( Estill ) 
in  the  Crab  Orchard  bed,  overlying  the  Waco  horizon.  The 
specimens  analyzed  were  a  mixture  of  clays  collected  between 
twenty-seven  and  fifty-seven  feet  above  the  two-foot  layer  of 
limestone  which  forms  the  base  of  the  Waco  horizon.  Collected 
by  A.  F.  Foerste,  1904. 

Analysis,  sample  air-dried: 

Moisture    2.13 

Ignition  (combined  water,  carbon  dioxide,  etc.) 7.26 

Silica    55.25 

Alumina    20.79 

Ferric    oxide 4.40 

Lime    1.51 

Magnesia    1.04 

Potash    4.95 

Soda    41 

Titanium    dioxide 1.16 

Sulphates    Trace 


Total    98.90 

2619. — Crab  Orchard.  At  the  exposure  south  of  the  road- 
side well  at  the  north  end  of  the  grounds  belonging  to  the  Crab 
Orchard  Springs  hotel,  one  mile  north  of  the  station,  and  a 
quarter  of  a  mile  south  of  'Dix  river. 

Geological  position:  From  the  upper  or  chief  clay  (Estill) 
layer  forming  the  greater  part  of  the  Crab  Orchard  bed.  Col" 
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lected  from  the  upper  part  of  the  section,  fifty-five  feet  thick. 
These  clays  belong  above  the  Waco  horizon.  Collected  by  A. 
P.  Foerste,  1904. 

Analysis,  sample  air-dried : 

Moisture    ~< 1.69 

Ignition  (combined  water,  carbon  dioxide,  etc.) 7.86 

Silica    54.48 

Alumina    18 . 90 

Ferric    oxide 5.64 

Lime    2.50 

Magnesia    1.71 

Potash    4.67 

Soda,  traces  lithia 38 

Titanium    dioxide 1.12 

Sulphates  and  phosphates Traces 


Total    98.95 

2186. — Clay  shale.  On  the  road  near  Anderson  Lake's 
house,  three  hundred  yards  west  of  Drowning  creek,  two  miles 
southwest  of  Panola,  a  mile  and  a  half  northwest  of  Combs. 

Geological  position:  Collected  by  John  R.  Procter,  from 
the  "Niagara  Group."  Either  from  the  Lulbegrud  clay  di- 
vision of  the  Crab  Orchard  bed,  or  from  the  upper  clay  (Estill) 
of  this  bed,  above  the  Waco  limestones;  probably  the  latter. 
Locality,  R-SE-21. 

An  olive-gray  and  brownish  gray,  somewhat  firm  shale,  mot- 
tled in  parts.  Quite  plastic  with  water  when  powdered.  Cal- 
cines to  a  light  brick  color. 

Analysis,  dried  at  212  degrees  F. : 

Combined  water,  carbonic  acid,  and  loss 16.221 

Silica    42.300 

Alumina    20.840 

Iron    peroxide 4 . 120 

Lime    13.320 

Magnesia    461 

Potash    2.387 

Soda   .  351 


Total    .  100.000 
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2.    POSSIBLE  USES  OF  SILURIAN  CLAYS  FOR  THE  MANUFACTURE 

OF  CLAY  PRODUCTS. 

If  attention  be  confined  to  the  clay  si  investigated  by  the 
writer,  a  considerable  similarity  in  the  chemical  composition  of 
the  clays  from  the  different  horizons  is  noticed.  The  percentage 
of  silica  in  these  samples  varies  from  50  to  58  per  cent ;  that  of 
alumina,  between  18  and  21  per  cent. ;  that  of  ferric  oxide,  be- 
tween 4.5  to  5.5  per  cent. ;  that  of  potash,  between  4.6  and  5.3 
per  cent. ;  that  of  soda,  between  0.3  and  0.4  per  cent.  The  per- 
centage of  lime  and  magnesia,  however,  is  much  more  variable, 
the  proportion  of  these  substances  being  greatest  in  the  case 
of  the  sample  of  Plum  creek  clay. 

These  samples  of  clay  were  selected  with  special  reference 
to  their  availability  for  commercial  purposes.  Considerable 
care  was  taken  to  secure  samples  from  localities  where  large 
quantities  of  these  clays  were  available  and  to  select  the  ma- 
terial in  such  a  manner  that  an  analysis  of  the  mixture  would 
give  a  very  fair  idea  of  the  general  characteristics  of  the  clay 
as  they  would  appear  under  ordinary  methods  of  manipulation. 

From  these  preceding  analyses  it  is  evident,  of  course,  that 
they  have  no  value  as  fire-clays.  They  contain  too  much  of 
each  one  of  the  fluxing  materials :  potash  and  soda,  ferric  oxide, 
and  lime,  and  magnesia.  On  this  account  they  melt  at  too  low 
a  temperature  and  hence  will  not  serve  for  brick  intended  to 
stand  a  high  temperature. 

They  also  have  no  value  as  stoneware  clays,  as  the  following 
table,  giving  the  range  of  the  percentage  of  the  various  con- 
stituents of  good  typical  stoneware  clays,  will  show : 


Maximum 

Minimum 

Average 

of  eight 
analysea 

Silica    

72.10 

45.00 

64.08 

Alumina                              

38.24 

19,08 

23.86 

Ferric    oxide  

1.50 

0.96 

1.23 

Ijime                                         .    .       

1.70 

0.00 

0.78 

Magnesia    

0.68 

0.11 

0.40 

Soda    

Trace 

0.00 

Trace 

Potash       

2.42 

0.15 

1.48 

Oxide  of  lithium  with  some  soda       

0.02 

Trace 

Trace 

1.30 

0.29 

0.46 

"Water                          

14.80 

6.25 

7.78 
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A  comparison  of  the  analyses  of  the  Silurian  clays  with  this 
table  indicates  that  the  Silurian  clays  contain  too.  great  a  per- 
centage of  fluxes.  In  place  of  a  maximum  of  2.4  per  cent,  of 
alkalies,  as  in  good  stoneware  clays,  the  Silurian  clays  contain 
from  5  to  5.6  per  cent,  of  potash  and  soda.  In  place  of  a  max- 
imum of  3.9  for  the  total  quantity  of  ferric  oxide,  lime  and  mag- 
nesia, the  Silurian  clays  contain  between  7  and  13  per  cent. 

As  far  as  may  be  determined  from  the  analyses,  these  Si- 
lurian clays  should  be  almost  ideal  for  the  average  run  of  vitri- 
fied wares.  This  is  well  brought  out  by  the  following  table, 
which  indicates  the  range  of  variation  of  the  principal  constitu- 
ents in  a  number  of  clays  which  have  been  found  to  be  of  value 
for  these  purposes. 


Maximum 

Minimum 

Average 

Silica               

75.00 

49.00 

56.00 

Alumina                                           

25.00 

11.00 

20.50 

Ferric    oxide  

9.00 

2.00 

6.70 

Lime   

3.50 

0.20 

1.20 

Magnesia          

3.00 

0.10 

1.40 

Soda  and  potash                

5.50 

1.00 

3.70 

Loss  on  ignition     

13.00 

3.00 

7.00 

In  the  Silurian  clays  here  discussed,  the  percentage  of  silica 
varies  between  54  and  59  per  cent.,  except  in  the  case  of  the 
Plum  creek  clay,  where  the  proportion  of  silica  is  nearly  at  a 
minimum.  The  percentage  of  alumina  varies  between  18  and 
21 ;  that  of  ferric  oxide  between  4.5  and  5.5  per  cent.  The  per- 
centage of  lime  exceeds  the  maximum  in  the  case  of  the  Plum 
creek  clay,  but  varies  between  0.9  and  2.5  pt*r  cent,  in  the  other 
cases.  The  magnesium  also  is  in  excess  in  the  case  of  the  Plum 
creek  clay.  The  alkalies,  potash  and  soda,  on  the  contrary,  are 
fairly  high  in  the  case  of  all  of  the  clays  ( from  5  to  5.6  per  cent. ) . 

Clays  of  this  description  are  used  for  sewer  pipe,  paving 
brick  and  other  purposes,  where  the  materials  dc  not  have  to 
withstand  high  temperature.  Clays  of  this  class  should  be  fine- 
grained and  plastic,  and  should  vitrify  at  temperatures  as  low 
as  2,130  to  2,210  degrees  F.  On  this  account  the  clays  should 
contain  a  considerable  amount  of  fluxing  materials.  However, 
to  prevent  complete  fusion,  there  should  not  be  much  potash 
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and  soda,  since  in  these  cases  there  is  frequently  too  little  differ- 
ence in  temperature  between  the  point  of  incipient  fusion  and 
that  of  complete  fusion.  The  difference  between  these  points 
should  be  about  150  to  200  degrees  F.,  in  order  that  the 
articles  made  from  the  clay  may  be  raised  to  the  temperature 
of  incipient  fusion  or  vitrification  without  any  danger  of  the 
temperature  rising  sufficiently  to  approach  complete  fusion, 
which,  of  course,  would  cause  the  articles  formed  from  the  clay 
to.  lose  their  shape,  stick  together,  and  become  altogether  use- 
less. 

High-grade  terra  cotta  work  is  now  made  from  a  mixture  of 
fire-clays  which  burn  to  a  buff  color.  The  Silurian  clays  here 
under  discussion  are  not  fire-clays,  and  they  would  not  burn 
to  a  buff  color.  Clays  containing  5  per  cent,  or  more  of  iron 
burn  to  a  deep  cherry-red,  unless  under-burned,  in  which  case 
the  resulting  ware  loses  in  strength,  and  in  fact  may  be  worth- 
less. There  is  no  known  reason,  however,  why  the  Silurian 
clays  in  question  should  not  prove  available  for  the  lower  grades 
of  terra  cotta. 

On  account  of  their  large  percentage  of  iron,  these  Silurian 
clays  are  not  available  for  the  manufacture  of  yellow  and  buff 
brick.  They  should,  however,  make  excellent  bricks  of  the  com- 
mon red  variety.  B'rick  clays  should  have  a  sufficient  percent- 
age of  fluxes  to  reach  incipient  fusion  at  a  little  over  1,900  de- 
grees F.,  and  should  burn  hard  at  a  temperature  not  over  2,000 
degrees  F.  The  Silurian  clays  here  discussed  have  not  been 
tested  as  yet  as  to  their  fusibility.  It  is  probable  that  a  good 
quality  of  pressed  brick  might  be  made  out  of  these  clays,  but 
the  color  would  be  deep  red  and  the  brick  would  not  be  as  hard 
as  the  pressed  bricks  made  of  more  refractory  material. 

The  clay  from  the  C.  L.  Searcy  farm  shows  a  distinctly  higher 
percentage  of  silica,  and  a  distinctly  smaller  per  cent,  of  lime, 
magnesia  and  iron  than  the  clays  collected  by  the  writer.  The 
clays  from  the  Dr.  Freeman  and  Anderson  Lake  localities  are 
notable  chiefly  for  the  large  quantities  of  calcium  which  they 
contain.  In  the  case  of  the  clay  from  the  Dr.  Freeman  locality, 
the  calcium  is  determined  in  the  form  of  calcium  sulphate,  indi- 
cating the  presence  of  considerable  quantities  of  gypsum. 

The  use  of  the  Crab  Orchard  clays  for  the  purpose  of  manu- 
facturing artificial  cements  should  receive  further  attention. 
At  present  many  of  these  artificial  cements  enter  the  market 
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under  the  name  of  Portland  cements.  Various  materials  may 
be  used  in  the  manufacture  of  these  cements.  Among-  these  are 
m,arl  mixed  with  clay,  limestone  mixed  with  clay,  argillaceous 
limestone  mixed  with  pure  limestone,  limestone  mixed  with 
shale,  limestone  niixed  with  slag  from  iron  furnaces,  and  clay 
mixed  with  the  calcareous  waste  left  from  the  manufacture  of 
caustic  soda. 

In  order  to  give  some  idea  of  the  sort  of  mixtures  of  lime- 
stone and  clay  that  have  proved  to  be  of  practical  utility  in  the 
manufacture  of  Portland  cements,  the  following  analyses  have 
been  added.  The  first  column  in  each  table  gives  the  ingredi- 
ents of  the  limestone  entering  into  the  mixture,  the  second  col- 
umn gives  the  ingredients  in  the  clay  used,  and  the  third  gives 
the  composition  of  the  finished  product,  the  so-called  Portland 
cement. 

Analyses  of  materials  used  by  the  Catskill  Cement  Com- 
pany, at  Smith's  Landing,  in  Greene  county,  New  York,  and 
published  by  the  New  York  Survey : 


Limestone 

Clay 

Resulting: 
cement 

Silica    

1.54 

61.92 

22.48 

.39 

16.58 

6.52 

1.04 

7.84 

4.46 

53.87 

2.01 

62.93 

Magnesia               

.52 

1.58 

1.48 

Alkalis                                

3.64 

Trace 

1.30 

The  following  analyses  were  published  from1  an  investigation 
of  materials  used  by  the  Glen  Falls  Portland  Cement  Company, 
in  Warren  County,  New  York : 


Limestono 

Clay 

Resulting 
Cement 

3.30 

55.27 

21.50 

Alumina    ferric  oxide            

1.30 

28.15 

10.50 

52.15 

5.84 

63.50 

Magnesia        

1.58 

2.25 

1.80 

Alkalis       ....         

.40 

Sulphur    trioxide  

.30 

.12 

1.50 

Carbon  dioxide                       

40.98 

Organic  matter  and  water     

8.37 
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In  the  latter  case  the  limestone  and  clay  are  dried  and 
crushed  separately.  After  being  weighed  on  automatic  scales, 
the  materials  are  mixed  dry  and  reduced  to  fine  powder.  This 
powder  is  then  fed  into  wet  mixers,  where  sufficient  water  is 
added  to  allow  the  mixture  to  be  made  up  into  bricks.  The 
bricks  are  dried  in  tunnels  heated  by  waste  heat  from  the  boiler, 
blowers  being  used  to  drive  the  heat  through  the  tunnels.  After 
drying,  the  bricks  are  burned  in  kilns,  and  the  clinkers  resulting 
from  the  brick  are  reduced  to  powder  in  mills  constructed  for 
this  purpose.  The  powder  is  the  finished  product,  the  Portland 
cement. 

The  essentials  in  the  manufacture  of  Portland  cements  are 
lime  and  silica.  The  lime  is  furnished  by  limestone  or  marls, 
and  the  silica  is  furnished  by  the  clay.  In  burning,  the  lime 
and  silica  unite  so  as  to  form  the  compound  3CaO.SiO2,  called 
tricalcic  silicate.  This  compound,  in  large  measure,  supplies 
the  hydraulic  properties  of  the  cements.  The  ideal  Portland 
cement  would  consist,  therefore,  exclusively  of  tricalcic  silicate, 
and  would  be  composed  entirely  of  lime  and  silica  in  the  pro- 
portion of  73.6  per  cent,  of  lime  and  2(5.4  per  cent,  of  silica. 

Such  an  ideal  cement,  however,  can  not  be  prepared  at  pres- 
ent under  conditions  such  as  to  make  it  a  commercial  product, 
since  the  heat  required  to  cause  pure  lime  and  silica  to  unite 
can  not  be  attained  in  any  commercially  useful  kiln.  In  actual 
practice,  therefore,  it  becomes  necessary  to  select  materials 
which,  in  addition  to  lime  and  silica,  contain  also  other  ingredi- 
ents which  will  serve  as  a  flux.  The  most  important  of  these 
ingredients  are  alumina  and  ferric  oxide,  and  when  present  in 
notable  percentages  they  lower  the  temperature  at  which  lime 
and  silica  will  combine  to  a  considerable  degree.  However,  as 
the  percentage  of  alumina  and  ferric  oxide  increases,  the 
strength  of  the  Portland  cement  decreases,  so  that  considerable 
judgment  must  be  used  in  the  selection  of  materials. 

In  burning,  the  alumina  is  believed  to  combine  with  the  lime 
so  as  to  form  dicalcic  aluminate,  2CaO.SiO2,  and  there  is  a 
possibility  of  a  similar  combination  in  the  case  of  ferric  oxide, 
forming  the  compound  2CaO.Fe2O3.  Owing  to  the  relatively 
small  percentage  of  ferric  oxide  in  the  materials  used  for  Port- 
land cements,  it  may  be  considered  as  producing  about  the  same 
effect  as  alumina,  and  the  two  may  be  calculated  together. 
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Owing  to  the  necessity  of  having-  the  fluxing  materials,  alum- 
ina arid  ferric  oxide,  present,  in  addition  to  the  lime  and  silica, 
the  necessary  elements  of  Portland  cement,  before  burning,  may 
be  said  to  be  about  75  per  cent,  of  carbonate  of  lime,,  and  20 
per  cent,  of  silica,  alumina,  and  iron  taken  together.  The  re- 
maining 5  per  cent,  will  include  the  magnesium  carbonate,  al- 
kalies, and  sulphur  compounds  which  may  be  present.  Of  the 
essential  ingredients,  the  lime  is  usually  furnished  by  the  lime- 
stone, while  the  silica,  alumina,  and  ferric  oxide  are  supplied 
by  the  clay. 

Some  of  the  impurities  found  in  the  unburned  materials  may 
be  regarded  as  useful  to  the  cement.  One  of  these  is  calcium 
sulphate,  which,  if  present  only  in  small  quantities,  retards  the 
set  of  the  cement.  Magnesium  carbonate  is  an  undesirable  im- 
purity in  the  unburned  mixture,  and  should  form  less  than  3.5 
per  cent,  of  the  latter. 

For  use  as  Portland  cements  the  clays  should  carry  not  less 
than  55  per  cent,  of  silica,  and  preferably  from  60  to  70  per 
cent.  The  alumina  and  ferric  oxide  calculated  together  should 
not  amount  to  more  than  one-half  of  the  percentage  of  the  silica. 
The  value  of  the  clay  is  greater  in  proportion  as  the  ratio  of 
its  ingredients  approaches  Al2O3+Fe2O3=^£.  The  percentage 

3 

of  magnesia  and  alkalies  should  be  low,  preferably  not  over  3 
per  cent. 

From  these  statements  it  is  seen  that  there  is  a  possibility 
of  the  usefulness  of  the  Crab  Orchard  clays  for  Portland  cement, 
but  that  its  usefulness  can  not  be  determined  definitely  until 
the  composition  of  the  available  limestones  is  known,  and  the 
latter  has  not  yet  been  determined. 


3.  THE  MINERAL  WATERS  AND  SALTS  OF  THE  CRAP,  ORCHARD  BED. 

Crystals  of  gypsum  are  common  at  certain  horizons  in  the 
Crab  Orchard  bed.  They  are  abundant  in  the  Lulbegrud  clay 
layer  along  the  railroad  southeast  of  Brassfield;  also  in  the 
lower  part  of  the  upper  or  Estill  clay  of  the  Crab  Orchard  bed, 
above  the  Waco  horizon,  at  Panola*  north  of  Irvine,  and  at  vari- 
ous other  localities.  The  crystals  occur  in  several  forms.  In 
a  large  number  of  cases  the  crystals  are  elongated  parallel  to 


KENTUCKY   GEOLOGICAL   SURVEY.  237 

the  clino-axis,  producing-  long  negative  pyramid  and  clinoplna- 
coid  faces  and  short  unit  prism  faces,  which  give  the  crystals 
a  sort  of  prismatic  aspect.  In  another  common  form  the  crys- 
tals have  a  sort  of  elongate  tabular  appearance.  In  this  case 
the  crystals  show  twinning,  the  orthopinacoid  being;  the  twin- 
ning1 plane.  The  broad,  flat  faces  are  formed  by  the  two  clino- 
pinacoids,  wrhile  the  two  narrow  faces  on  either  side  are  formed 
by  the  unit  prism  faces.  At  one  end  there  are  four  pyramid) 
facesv  consisting  of  the  two  pairs  of  negative  unit  pyramid 
faces  belonging  to  the  twins.  At  the  other  end  there  is  a  corre- 
sponding re-entrant  angle. 

In  a  third  group  of  crystals  the  gypsum  assumes  the  familiar 
swallow-tail  form  of  twins.  In  this  case  the  orthopinacoid 
again  is  the  twinning  plane,  but  the  greater  part  of  the  growth 
of  the  crystal  is  lateral,  especially  parallel  to  the  clino-axis, 
rather  than  in  the  direction  of  the  vertical  axis.  On  the  upper 
side  of  the  twin  the  negative  pyramid  faces  are  well  developed ; 
on  the  other  side  the  orthodome  faces,  e,  round  off  apparently 
into  the  lower  pyramid  faces  and  thus  form  the  peculiar  re- 
entrant angle  which  gives  rise  to  the  swallow-tail  form.  Some- 
times this  twinning  takes  place  alternately  first  towards  the 
right  and  then  toward  the  left,  producing  a  sort  of  arborescent 
or  pagoda-like  cluster.  In  these  cases  the  elements  of  the  cluster 
often  have  a  more  lenticular  form. 

Gypsum,  or  hydrous  calcium  sulphate,  is  not  the  only  sul- 
phate found  in  the  Crab  Orchard  clays1.  As  a  rule,  however,, 
the  other  sulphates  do  not  occur  in  sufficient  quantities'  to  show 
in  an  ordinary  anatysis  of  the  clays.  In  an  analysis  of  the 
waters  obtained  from  the  clays,  on  the  contrary,  some  of  there 
sulphates  are  readily  detected,  their  ready  solubilities  causing 
them  to  form  a  much  larger  proportion  of  the  solids  dissolved 
in  the  water  than  of  the  solids  forming  the  mixture  of  sub- 
stances called  clay.  Among  these  sulphates  is  hydrous  mag1- 
nesium  sulphate,  also  called  epsomite  or  Epsom  salt.  This  is 
a  common  substance  in  mineral  waters.  In  the  solid  form  it 
often  occurs  in  mines  and  caves  as  delicate  fibrous  coating's 
on  the  walls  or  as  minute  crystals  mingled  with  the  earth  on  the 
floors  of  these  underground  passages.  In  Mammoth  Cave  it 
adheres  to  the  roof  of  the  cavern  in  loose  masses  like  snow 
balls.  It  is  very  soluble  in  water.  At  32°  F.  one  hundred  parts 
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of  water  dissolve  25.76  parts  of  anhydrous  sulphate  and  .205 
parts  for  every  additional  degree  rise  in  temperature.  It  has 
a  rather  disagreeable  taste  and  is  at  the  same  time  salty  and 
bitter.  It  possesses  purgative  properties  and  occurs  in  the  min- 
eral waters  of  wells^  such  as  those  of  Epsoni,  in  England,  and 
Sedlitz,  in  Bohemia. 

Another  common  ingredient  of  the  waters  obtained  from  the 
Crab  Orchard  clays  isi  hydrous  sodium  sulphate  or  Glauber 
salt.  This  also  is  very  soluble  in  water.  One  hundred  parts 
of  water  at  32°  F.  will  dissolve  12  parts  of  sodium  sulphate,  and 
at  about  65°  F.  will  dissolve  about  twice  this  quantity.  The 
solution  has  a  rather  disagreeable,  salty  and  bitter  taste.  It 
is  well  known  as  a  purgative. 

Potassium  sulphate  is  much  less  soluble  in  water,  only  11.5 
parts  being  taken  up  by  100  parts  of  water  at  65°  F.  It  occurs 
in  the  waters  of  the  Crab  Orchard  clays  only  in  small  quanti- 
ties. Sodium  chloride  also  occurs  only  in  small  quantities,  es- 
pecially when  its  ready  solubility  is  considered,  one  part  of  salt 
dissolving  in  about  2.7  parts  of  water  at  almost  any  ordinary 
temperature. 

The  springs  issuing  from  the  Crab  Orchard  clays  sometimes 
contain  a  sufficient  quantity  of  salts  in  solution  to  be  known 
as  licks.  This  name  dates  back  to  the  early  history  of  the  State 
of  Kentucky,  when  herds  of  buffalo  and  deer  still  roamed 
through  Kentucky  forests  and  visited  .these  springs  in  large 
numbers.  A  large  number  of  the  smaller  streams  originating 
among  the  Crab  Orchard  clays  are  still  known  as  licks,  the  name 
often  having  been  used  not  only  for  the  springs  but  also  for 
the  streams  fed  by  the  springs.  The  quantity  of  mineral  matter 
carried  in  solution  varied,  of  course,  in  different  springs.  Among 
the  springs  or  wells  carrying  the  greatest  quantity  of  magne- 
sium sulphate  and  sodium  sulphate  in  solution  may  toe  men- 
tioned the  Epsom  well  about  a  mile  north  of  Crab  Orchard 
Springs,  on  the  western  side  of  the  Lancaster  pike;  the  Foley 
well  about  half  a  mile  northeast  of  Crab  Orchard,  on  the  Fall 
Lick  road,  two  or  three  hundred  yards  beyond  the  cemetery;  and 
the  Sowder  well,  half  a  mile  northwest  of  the  Epsoni  well,  along 
the  road  leaving  the  Lancaster  pike  a  short  distance  south  of 
the  Dix  river  bridge.  Analyses  of  the  waters  from  these  wells 
.are  given  below. 
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535 

536 

538 

Foley 

Silica    

.060 

.056 

.021 

Iron  carbonate  

Trace 

Trace 

Trace 

Lime    carbonate  

.673 

.912 

.506 

Magnesia   carbonate     .  .           

.116 

.131 

.375 

Lime  sulphate     

.203 

.185 

1.566 

Magnesia    sulphate  

3.454 

3.520 

2.989' 

Potash  sulphate     '.  

.067 

.170 

.298 

Soda  sulphate  

.774 

1.013 

.398 

Sodium  chloride  

.081 

.304 

1.000 

The  medicinal  virtues  of  the  waters  issuing  from,  the  springs 
or  licks  soon  became  recognized.  At  an  early  date  the  waters 
were  evaporated  and  the  ingredients,  in  a  solid  state,  were  sold 
under  the  name  of  salts,  those  from  Crab  Orchard  enjoying  a 
special  celebrity.  Their  first  manufacture  dates  from  1826? 
when  a  Mr.  Reuben  Dollins  lixiviated  the  earth  derived  from 
the  Crab  Orchard  clays,  and  boiled  the  solution  obtained  until 
the  salts  were  thrown  down.  These  were  kept  at  the  bar  at 
the  old  Davenport  hotel,  in  Crab  Orchard,  and  sold  at  twelve 
and  one-half  cents  a  dose.  Dollins  afterwards  boiled  down  the 
water  from  a  spring.  The  manufacture  of  these  salts,  in  the 
course  of  time,  became  a  profitable  business.  It  was1  carried 
on  at  all  seasons  of  the  year  and  gave  employment  to  a  number 
of  families,  who  obtained  their  entire  living  from  this  industry. 
The  salts  became  an  article  of  trade  and  were  used  as>  medicine 
all  over  the  country,  especially  in  the  Mississippi  valley.  It 
is  interesting  in  this  connection  to  note  that  at  one  time  they 
had  quite  a  reputation  in  the  treatment  of  yellow  fever,  a 
groping  in  the  dark  for  a  remedy  for  this  terrible  scourge. 

At  a  later  time  more  concentrated  solutions  of  these  salts- 
were  obtained  by  digiging  pits  into  the  clay.  These  were  usually 
three  to  four  feet  wide,  six  to  twelve  feet  long,  and:  six  to  twelver 
feet  deep.  Generally  the  walls  were  planked  up  and  the  wells 
were  covered  in  order  to  prevent  the  dilution  of  the  water  seep- 
ing into,  the  wells  by  entering  rain.  Water  seeping  through 
the  clay  became  impregnated  with  the  salty  materials  in  the 
shales',  but  on  entering  the  pits  were  exposed  to  evaporation 
which  resulted  in  a  considerable  concentration  of  the  water  in 
the  well  or  pit  before  it  was  subjected  to  boiling.  The  water 
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was  evaporated  in  large  iron  kettles  or  pans  over  wood  fires. 
When  the  large  part  of  the  water  had  been  removed,  the  final 
stages  of  evaporation  were  completed  in  smaller  kettles  over 
slower  fire.  The  residue  appeared  very  much  like  a  mixture  of 
coarse  brown  and  white  sugar.  In  the  best  brands,  the  salts 
were  ground  so  atii  to  give  them  a  better  appearance.  From 
twenty  to  fifty  gallons  of  water  were  required  to  make  one 
pound  of  salt.  These  salts  in  the  earlier  stages  of  this  industry 
brought  as  much  as  one  dollar  a  pound,  but  at  the  time  when 
Linney  wrote  his  report  on  Lincoln  county,  in  1882,  they  sold 
for  only  fifteen  cents  per  pound. 

The  following  are  analyses  of  two  samples  of  salts  as  they 
were  offered  for  sale  by  druggists  in  Louisville  in  earlier  days, 
when  this  was  still  a  thriving  business. 

1874.  Crab  Orchard  Springs  salts.     Evaporated  from  the 
water  secured  at  various  springs. 

1875.  Crab  Orchard  Springs  salts.    Evaporated  from  water 
secured  from  various  springs. 

Analysis.    Dried  at  212°  F. : 


No.  1874 

No.  1875 

Water  of  crystallization  and  loss 23 . 421 

Silica   124 

Iron   peroxide .  078 

Lime  carbonate .  032 

Magnesia  carbonate .  089 

Lime   sulphate 2.149 

Magnesia   sulphate 54 . 842 

Potash    sulphate 2 . 707 

Soda  sulphate !  13 . 566 

Sodium    chloride |  2 . 954 

Lithia    sulphate..             '  .038 


24.402 

.118 

.028 

.018 

.036 

1.795 

60.627 

2.814 

8.260 

1.874 

.028 


The  area  from  which  these  Crab  Orchard  salts  were  obtained 
centered  chiefly  about  Crab  Orchard.  Wells  were  operated  as 
far  west  as  Cedar  creek,  as  far  north  as  the  Dix  river,  and  up 
the  Dix  river  valley,  east  of  Crab  Orchard,  as  far  as  the  Crab 
Orchard  clay  bed  was  exposed.  In  all  of  these  cases,  as  far  as 
known,  these  wells  or  pits  were  opened1  in  the  great  series  of 
clays  forming  the  upper  part  of  the  Crab  Orchard  bed,  above  the 
Waco  horizon. 
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Similar  mineral  waters,  however,  occur  also  in  the  Lulbe- 
grud  layer,  for  instance  at^  Kiddville,  in  Clark  county.  An 
analysis  of  the  water  of  the  Epsom  well  at  Kiddville  is  here 
appended.  It  was  an  ordinary  walled  well  at  first,  but  after- 
ward was  enlarged  so  as  to  produce  a  pit  10  feet  in  diameter. 
For  some  reason  this  spoiled  the  well  and  operations  were  dis- 
continued. 

2471. — Magnesium  mineral  water.  From  a  well  at  Kidd- 
ville, on  the  property  of  J.  E.  Groves.  Collected  by  W.  M. 
Linney,  July,  1884. 

Analysis.     In  1000  parts  of  water. 

Iron  and  manganese  carbonates 0024 

Lime    carbonate 3740 

Magnesia   carbonate 0191 

Lime  sulphate 3 . 2610 

Magnesia   sulphate 4 . 7776 

Potash  sulphate 0490 

Soda  sulphate 7118 

Sodium    chloride 2120 

Lithium  chloride 0130 

Silica    .  .0100 


Total  saline  matter 9.4299 

The  manufacture  of  Crab  Orchard  salts  has  practically  come 
to  an  end.  Its  history,  at  present,  is  of  interest  chiefly  in  in- 
dicating the  character  of  some  of  the  ingredients  of  the  clays 
not  brought  out  by  ordinary  chemical  analyses.  The  origin  of 
these  salts  in  the  Crab  Orchard  clays  has  not  been  investigated. 
It  is  difficult  to  conceive  of  them  as  precipitates  from  the  sea 
during  the  deposition  of  the  clays.  The  proportion  in  which 
the  various  ingredients  occur  is  so  utterly  different  from  the 
ratios  of  their  occurrence  in  the  sea.  The  following  table,  show- 
ing the  proportion  of  the  various  ingredients  dissolved  in  sea 
water  and  obtained  by  ordinary  evaporation  of  the  latter  will 
illustrate  this  difference. 

Chloride  of  sodium 77.758 

Chloride  of  magnesium 10.878 

Sulphate  of  magnesium 4 . 737 

Sulphate  of  lime 3.600 

Sulphate  of  potash 2.465 

Bromide  of  magnesium 217 

Carbonate  of  calcium. .  .345 
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For  the  present  it  is  desired  merely  to  call  attention  to  the 
fact  that  these  Crab  Orchard  clays,  where  impregnated  with 
considerable  quantities  of  Epsom  and  Glauber  salts,  occur  below 
or  in  the  vicinity  of  great  masses  of  Devonian  black  shale  which 
often  contain  considerable  quantities  of  iron  pyrites.  The  de- 
composition of  the  iron  pyrites  often  results  in  the  production 
of  various!  sulphates,  and  possibly  some  of  the  sulphates  in  the 
Crab  Orchard  clays  may  directly  or  indirectly  have  had  this 
source. 

The  Crab  Orchard  clays  may  be  traced  northward  into  Ohio. 
Here  they  were  identified  by  Professor  Orton  as  the  Niagara 
shales.  In  Highland  county  this  shale,  according  to  the  analysis 
of  Professor  Wormley,  is  much  more  siliceous  than  the  Crab 
Orchard  clay;  still  farther  northward  »in  Ohio,  however,  the 
Niagara  shale  is  replaced  by  a  series  of  thin  shaly  fragile 
courses  of  limestone  in  which  lime  and  magnesia  carbonate  pre- 
dominate greatly.  Analyses  from  these  localities  are  added. 


Highland 
county 

Greene 
county 

Silica   

78  00 

12  21 

Alumina  and  iron  

3.20 

8.40 

Lime  silicate  

8.48 

Lime  carbonate  

11.40 

34.42 

Magnesia  carbonate  

6.50 

30  87 

Water   combined  

5  40 

Total    

99  10 

99  78 

4.     SILURIAN  LIMESTONES  ABOVE  THE  CRAB  ORCHARD  HORIZON. 


to 


In  Ohio,  the  Niagara  shales,  stratigraphically  equivalent 
the  Crab  Orchard  clays,  are  OVerlaid  by  magnesian  lime- 
stones known  as  the  Springfield  and  Cedarville  limestones. 
These  are  followed  by  the  Hillsboro  sandstone,  after  which 
there  is  another  series  of  magnesian  limestones,  the  Greenfield 
or  Monroe  bed.  Analyses  of  these  rocks  as  they  occur  at 
and  Greenfield  are  appended. 
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Springfield 
limestone 

Cedarville 
limestone 

Hillsboro 
limestone 

Greenfield 
limestone 

Silica       

13.30 

.40 

94.10 

1.00 

Alumina  and  iron  

2.00 

1.80 

3.60 

1.30 

Lime  carbonate  

35.51 

54.25 

1.30 

53.67 

Magnesia    carbonate  

49.87 

43.23 

.39 

42.42 

Silicates  of  lime  and  magnesia. 

1.44 

Silurian  limestones  occur  above  the  Crab  Orchard  clays 
north  of  the  Licking  river  in  Fleming  and  Lewis  counties.  These 
limestones  have  not  been  studied  with  sufficient  care  to  deter- 
mine their  stratigraphical  equivalency  with  the  Ohio  divisions, 
but  the  following  analysis,  taken  presumably  from  the  large 
exposures  along  the  river  at  Vanceburg,  is  probably  of  Silurian 
age  and  is  tentatively  referred  to  the  Greenfield  or  Monroe  bed 
in  the  L^pper  Silurian. 

2484. — Limestone.  Probably  from  the  neighborhood  of 
Vanceburg.  Geological  position :  Probably  from  the  Greenfield 
bed  at  the  top  of  the  Silurian,  at  Vanceburg.  Sent  to  John  R. 
Procter  by  W.  J.  Richason,  of  Vanceburg. 

A  dull-gray,  fine-granular  rock,  with  faint  lines  of  stratifi- 
cation. 

Analysis.    Air-dried. 

Moisture    and   loss 547 

Insoluble  silica  and  silicates 8.850 

Soluble    silica 1.150 

Alumina  and  iron  oxide 2 . 490 

Phosphoric  acid  (P.O.) 143 

Lime    carbonate 48.790=27.322  lime. 

Magnesia   carbonate 37.482=17.834  magnesia. 

Potash   490 

Soda    .  058 


Total  100.000 

The  following  analysis  appears  to  be  from  another  Silurian 
locality,  not  visited.  Judging  from  the  location  of  thin  lime- 
stone in  Lewis  county,  four  miles  from  Clarksburg,  the  horizon 
should  be  immediately  above  the  Crab  Orchard  clay. 

1085. — Yellow  magnesian  limestone.  Silurian.  Salt  Lick 
creek,  four  miles  above  Clarksburg,  near  Valley,  Lewis  county. 
Brownish  buff  porous  limestone,  full  of  fossil  casts.  Exterior 
surface  soft,  so  as  to  be  scratched  by  a  nail. 
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Geological   position:     Probably   Silurian,   above   the  Crab 
Orchard  shale  horizon. 

Water  and  loss 1 . 428 

Silica  and  insoluble  silicates 2 . 580 

Alumina,  oxides  of  iron  and  manganese 12.280 

Phosphoric  acid 207 

Sulphuric   acid 152 

Lime  carbonate 55 . 240 

Magnesia  carbonate 27 . 820 

Potash   167 

Soda   .126 


The  Chemical  Characteristics  of  the  Devonian  Rocks  of 
Kentucky,  East  of  the  Cincinnati  Geanticline. 

•  A.     DEVONIAN  LIMESTONES. 
1.     CHEMICAL  ANALYSES. 

The  Devonian  limestone  has  not  been  traced  north  of  the 
Licking  river.  The  following  analysis  of  a  bed  of  limestone 
immediately  beneath  the  Devonian  black  shale,  near  Olympian 
Springs,  in  Bath  county,  probably  represents  the  characteristics 
of  one  of  the  most  northern  exposures  of  the  Devonian  limestone 
in  the  State. 

1989. — Ferruginous  Magnesian  Limestone,  out  of  which 
flows  the  Chalybeate  Spring,  and  which  forms  the  bed  of  the 
Chalybeate  Branch,  about  half  a  mile  north  of  Olympian 
Springs. 

Geological  position :  It  lies  immediately  under  Devonian 
Black  shale,  and  probably  represents  the  Devonian  limestone. 
Collected  by  Robert  Peter. 

A  crystalline-granular  limestone;  gray,  of  various  tints,  in 
the  interior  generally  light  gray;  light  ferruginous  or  brownish- 
ochreous  on  the  exterior. 
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Analysis.    Dried  at  212°  F. : 

Silica    280 

Iron  carbonate 11 . 532 

Phosphoric  acid .  006 

Lime   carbonate 54 . 000 

Magnesia  carbonate 34 . 027 

Potash    143 

Soda    .  040 


Total    100.028 

Iii  various  parts  of  Clark  and  Madison  counties,  and  even 
as  far  west  as  Boyle  county,  there  is  a  layer  at  the  base  of  the 
Devonian  limestone  which  contains  fish  plates  and  fish  teeth. 
This  was  correlated  by  the  former  geological  survey  of  Ken- 
tucky with  the  Oriskany.  They  are  here  included  in  the  "De- 
vonian series  of  limestones,  occurring  at  their  base.  Owing  to 
the  presence  of  these  fish  remains,  this  thin  layer  of  rock  some- 
times is  rich  in  phosphoric  acid,  as  the  following  analyses  will 
show.  It  is*  the  Kiddville  layer. 

2469. — Phosphatic  rock.  Stewart  Mill,  Lulbegrud  creek, 
Clark  count}7.  About  a  mile  and  a  quarter  northeast  of  Indian 
Fields. 

Geological  position :  Layer  with  fish  remains,  at  base  of  the 
Devonian  limestone.  Collected  by  TV.  M.  Linney,  July,  1884. 

A  dark,  brown-gray,  conglomerate  rock,  containing  many 
dark-colored  fragments  of  fossil  organic  remains. 

2470. — Phosphatic  rock.  From  near  Howard  creek,  Clark 
county.  Probably  west  of  Indian  Fields. 

Geological  position :  Base  of  the  Devonian  Limestone.  Col- 
lected by  W.  M.  Linney,  July,  1884. 

An  impure,  ferruginous  limestone  rock;  gray-brown,  with 
ochreous  material  in  spots;  contains  fossil  impressions. 

Analyses.     Air-dried  samples. 


No.  2469  No.  2470 


Siliceous  residue  insoluble  in  acids  

27.580 

31  720 

Alumina  and  iron  oxide  not  estimated  

Phosphoric  acid  (P.,0-)  

9.710 

1.842 

Lime  carbonate  

21  380 

33  980 

Magnesia  carbonate  

3.055 

11  185 

Potash     :  .... 

830 

not  estimated 

Soda    

.228 

not  estimated 

246  KENTUCKY   GEOLOGICAL   SURVEY. 

Less  than  a  mile  from  Stuart's  mill,  dawn  Lulbegrud  creek, 
is  the  Oil  Spring,  once  a  famous  water  resort.  The  following 
analysis  is  taken  probably  from  a  rock  belonging  to  the  top  of 
the  Devonian  limestone  at  this  locality.  The  dull  buff  color 
is  very  characteristic  of  the  Duffin  layer  at  this  exposure. 

889.— Rock  with  oil  at  base  of  Black  shale,  at  the  Oil  Spring, 
about  a  mile  east  of  Indian  Fields,  Clark  county.  A  dark  gray 
limestone  with  cavities  lined  with  calcareous  spar  and  im- 
pregnated with  fluid  bitumen.  Weathered  on  the  surface  to  a 
dull  buff  color. 

Geological  position:  Probably  the  brecciated  or  Duffin 
layer,  at  the  top  of  the  Devonian  limestone. 

Bituminous  matter,  water,  and  loss 7.092 

Silica  and  insoluble  silicates 2 . 480 

Alumina,  oxides  of  iron  and  manganese 11.260 

Phosphoric  acid 438 

Lime  carbonate 56 . 76 

Magnesium   carbonate 21 . 302 

Sulphuric  acid 372 

Potash    193 

Soda   103 

The  following  analyses  were  taken  apparently  from  the 
base  of  the  Devonian  limestone,  and  from  the  upper  part  of 
this  limestone,  below  the  Duffin  or  brecciated  layer. 

2197. — Limestone,  probably  from  the  vicinity  of  Elliston, 
but  locality  not  mentioned. 

Geological  position :  From  below  the  Cauda-galli  horizon, 
at  the  base  of  the  Corniferous  limestone.  Collected  by  John 
R.  Procter. 

A  fine  granular,  brownish-gray  rock.  It  gives  the  odor  of 
petroleum  when  heated,  and  probably  owes  its  brownish  tint 
to  a  small  quantity  of  this  substance. 

2199. — Impure  limestone.  Probably  from  the  vicinity  of 
Elliston,  but  the  locality  is  not  mentioned. 

Geological  position :  Top  of  the  Corniferous  limestone. 
Total  thickness  fifteen  feet,  with  intercalated  beds  of  purer  lime- 
stone six  inches  thick. 

A  tough,  fine  granular  or  compact  rock.     Samples  from  dif- 
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ferent  levels  are  mixed;  some  are  brownish-black,  some  umber 
colored,  and  some  intermediate  in  tint. 

Analyses.     Dried  at  212°  F. : 


No.  2197 

No.  2199 

Bitumen,  water,  and  loss  

11.287 

> 

Potash    

770 

L     7.339 

Soda   

.149 

Siliceous  residue       

22.680 

31.990 

Lime  carbonate     

43  060 

36.580 

Magnesia  carbonate  

9.994 

18  541 

Alumina  and  phosphoric  acid  

9.420 

4  010 

Iron  peroxide  

2  640 

1.540 

Total    

100.000 

100.000 

Percentage  of  lime  .       

24.113 

20.485 

Percentage  of  magnesia  

4.756 

8.781 

The  only  building  stone  known  at  the  locality,  from  which 
the  following  analysis  was  taken,  is  of  Devonian  age. 

947. — Building  stone.  Five  miles  from  Irvine,  on  the  Rich- 
mond pike,  Estill  county.  l)ark  gray,  fine  grained  limestone, 
with  many  small  scales  of  mica. . 

Geological  position :    Probably  Devonian  limestone. 

Silica  and  insoluble  silicates 18.680 

Alumina    806 

Iron    oxide 2.360 

Iron  carbonate 4 . 321 

Manganese,  brown  oxide 480 

Phosphoric  acid 374 

Sulphuric    acid 1 . 471 

Lime   carbonate 41 . 380 

Magnesium  carbonate 30.019 

Potash    482 

Soda    .  .019 


A  careful  study  of  the  Devonian  limestone  has  been  made 
by  the  present  survey  at  only  one  locality,  at  Duffin's  cut,  half 
a  mile  north  of  Junction  City,  on  the  Queen  and  Crescent  rail- 
road. Three  samples  were  analyzed :  One  from  the  base  of  the 
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Devonian,  one  from  the  cherty  part  above  the  middle  of  the  sec- 
tion, and  one  from  the  breeciated  or  Duffin  layer. 

2629. — Devonian  limestone,  lower  2  feet  of  section.  A  com- 
pact light  gray  limestone.  The  greater  part  of  the  sulphur  is 
derived  from  iron  pyrites.  This  limestone  would  probably  make 
natural  cement,  as  its  analysis  is  very  like  that  of  the  Louis- 
ville cement  rock.  Collected  by  Aug.  F.  Foerste,  at  Duffin  cut, 
half  a  mile  north  of  Junction  City,  Boyle  county. 

This  limestone  is  overlaid  by  dense  white  limestone,  2  feet 
thick;  baldly  weathered  limestone,  4  inches  thick,  quite  fossil- 
iferous;  dense  bluish  white  limestone,  2  feet  4  inches  thick, 
dense  bluish  white  limestone,  6  inches  thick ;  and  dense  whitish 
limestone  with  considerable  chert,  4  feet  8  inches  thick.  Of 
the  last  named  part  of  the  section  the  following  analysis  was 
taken. 

2630. — Devonian  limestone,  from  the  chert  part  of  the  sec- 
tion, at  Duffin  cut.  The  greater  part  of  the  sulphur  is  in  the 
form  of  iron  pyrites,  and  the  iron  is  mostly  in  the  ferrous  con- 
dition, although  calculated  as  ferric  oxide  in  the  following  state- 
ment of  results. 

Above  this  cherty  limestone  there  is  a  dark  gray  rock,  6  to 
8  feet  thick,  often  having  a  sort  of  breeciated  appearance.  This 
is  the  Duffin  layer  and  the  analysis  is  given  last. 

2631. — Breeciated  or  Duffin  layer.  A  dark  gray  stone  with 
light,  softer  patches,  giving  it  a  breeciated  appearance.  It  also 
contains  some  chert  in  small  imbedded  masses.  The  greater 
part  of  the  sulphur  is  in  the  form  of  iron  pyrites.  For  sepa- 
rate analyses  of  the  white  and  dark  gray  parts  of  this  sample 
see  analyses  No.  2632  and  2633  below^  Collected  at  'Duffin  cut, 
half  a  mile  north  of  Junction  City,  by  A.  F.  Foerste,  1904. 
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Analyses.     Air-dried  samples.     Devonian  Limestones. 


Base 

No.  2629 

Cherty  layer 
No.  2630 

Duffin  layer 
No.  2631 

Moisture    

.14 

.09 

06 

Ignition     (combined    water,    volatile 
matter,  and  carbon  dioxide  

35.46 

44  79 

41.92 

Silica    

20  02 

2  14 

7  74 

Alumina    

3.23 

1.24 

2.73 

Ferric  oxide  

1.36 

2  34 

2  04 

Lime  

24.06 

31.96 

29  66 

Magnesia       

14  62 

17  84 

14  65 

Potash   soda  and  lithia         

Traces 

Traces 

Traces 

Phosphorus    pentoxide  

.37 

.06 

.09 

Sulphur  trioxide  

1.06 

45 

51 

Total            

100  32 

100  91 

99  40 

Sulphur  calculated  from  the  sulphur 
trioxide    

.42 

.18 

.20 

Iron  pyrites  equivalent  to  total  sul- 
phur     

.79 

.34 

38 

As  a  means  of  comparing  the  white  component  of  the  Duffin 
layer  Avith  the  dark  gray  component,  the  following  analyses  are 
added.  The  white  color  is  found  in  the  small  more  or  less  an- 
gular blotches  which  give  the  brecciated  appearance  to  the  rock. 
The  dark  gray  color  is  characteristic  of  the  body  of  the  rock, 
aside  from  the  small  light  colored  blotches  just  mentioned. 

2632. — The  white  component  of  the  Brecciated  or  Duffin 
layer,  obtained  by  carefully  breaking  it  out  from  the  gray  body 
of  the  rock.  The  white  part  appeared  to  constitute  only  about 
a  fourth  of  the  original  rock.  It  was  separated  in  a  fair  state 
of  purity.  The  greater  part  of  the  sulphur  is  in  the  form  of 
iron  pyrites,  and  the  iron  is  in  the  ferrous  condition.  This 
analysis  resembles  No.  2630  rather  closely.  Collected  at  Duffin 
cut,  north  of  Junction  City,  Boyle  county,  by  A.  F.  Foerste,  in 
1904. 

2633. — The  dark  gray  component  of  the  brecciated  limestone 
or  Duffin  layer,  exclusive  of  the  chert,  obtained  by  carefully 
breaking  it  out.  It  was  found  impossible  to  separate  the  gray 
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entirely  from  the  white.    The  greater  part  of  the  sulphur  is  in 
tire  form  of  iron  pyrites  and  the  iron  is  in  the  ferrous  condi- 
tion.   From  Duffin  cut,  collected  by  A.  F.  Foerste,  in  1005. 
Analyses  of  components  of  Duffin  rock.    Air  dried : 


White 
blotches 
No.  2632 

Dark  g  ray 
bodyofrock 
No.  2633 

Moisture   

.05 

08 

Ignition    (combined    water,    volatile    matter    and    carbon 
dioxide    ••  

44  42 

42  46 

Silica   

3  18 

6  86 

Alumina    

76 

1  40 

Ferric   oxide  

3.62 

2.94 

Lime    

31.04 

29.58 

Magnesia    

17.22 

16.25 

Potash   soda   and  lithia  

Traces 

.39 

Phosphorus    pentoxide  

.06 

.08 

Sulphur  trioxide  

.26 

.66 

Total    

100  61 

100.70 

Sulphur  calculated  from  the  sulphur  trioxide. 
Iron  pyrites  equivalent  to  the  sulphur 


.10 
.19 


.26 

.50 


It  is  evident  from  the  preceding  analyses  that  the  Duffin 
layer  consists  of  a  very  typical  dolomite,  the  ideal  dolomite  con- 
sisting of  30.4  per  cent,  of  lime  and  21.7  per  cent,  of  magnesia. 
In  the  field,  the  'Duffin  layer  often  has  a  deep  brown  color  and 
appears  to  be  full  of  small  angular  fragments,  chiefly  less  than 
half  an  inch  in  diameter.  It  then  resembles  a  volcanic  ash 
or  tuff,. but  the  chemical  analysis  is  entirely  against  such  an 
origin.  The  cause  of  the  brecciated  appearance  has  not  been 
determined. 

At  some  localities  the  Duffin  layer  appears  to  form  a  part 
of  the  Devonian  black  shale  series;  at  other  localities  true 
limestones  occur  at  horizons  thirteen  to  twenty  feet,  above  the 
base  of  the  black  shale.  Several  analyses  made  under  the  pre- 
ceding survey  are  added  here,  owing  to  the  possibility  of  their 
affording  a  clue  to  some  one  interested  in  some  special  line  of 
investigation.  The  precise  horizon  from  which  the  rocks  an- 
alyzed were  obtained  is  not  known,  but  is  sufficiently  indi- 
cated to  afford  a  clue  a»  to  their  probable  location. 
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2198. — Bituminous  limestone,  from  near  Elliston. 

Geological  position :  From  above  the  Corniferous  limestone. 
Bed,  three  to  ten  feet  thick.  Collected  by  John  R.  Procter. 
Possibly  the  brecciated  appearing  limestone  or  'Duffin  layer. 

Generally  of  a  dull,  brownish-black  color.  Some  pieces  with 
bands  of  a  lighter  gray  tint.  It  is  a  fine  granular  rock. 

2200. — Limestone,  on  the  road  one  mile  south  of  Mrs.  Susan 
Jane  Embry.  A  little  over  two  miles  south  of  Waco,  on  the 
road  to  Brassfield,  a  lane  turns  off  westward  from  the  road  and 
then  angles  off  irregularly  toward  Searcy  station;  a  short  dis- 
tance westward  along  this  lane  Mrs.  Embry  used  to  live. 

Geological  position:  Intercalated  with  the  so-called  Black 
band  or  bituminous  limestone.  Collected  by  John  R.  Procter. 
Possibly  the  brecciated  layer  or  Duffin  layer. 

A  dull  buff-gray,  fine  granular  rock,  with  some  little  infiltra- 
tion of  hydrated  iron  oxide. 

Analvses.    Dried  at  212°  F. : 


No.  2198 

No.  2200 

Water  and  loss     

6.117 

Bitumen   water   and  loss   potash  and  soda  

13.022 

not  estimated 

Siliceous  residue       .               

20.990 

18.190 

Alumina  and  phosphoric  acid.  .•  

9.040 

i 

Iron    peroxide  

1.890 

I  10.980 

Lime  carbonate                   

41.150 

47.580 

Magnesia  carbonate       

13.908 

17.133 

Total                        

100.000 

100.000 

Percentage  of  lime            

23  .  044 

26.645 

.Percentage  of  magnesia              

6.384 

8.158 

888. — Limestone.  From  the  base  of  the  Black  slate  series, 
in  Clark  county.  The  dense  calcareous  portion  of  the  gray 
black  slate.  Found  also  in  Madison,  Bath,  Powell,  Estill  coun- 
ties. 

Geological  position :    Possibly  the  brecciated  or  Duffin  layer. 
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Analysis  : 


Bituminous  matter,  water,  and  loss  ...................  .  ____     9  .  552 

Silica  and  insoluble  silicates  ...............................   23  .  180 

Lime    carbonate  ...........................................   40  .  280 

Magnesium  carbonate  .....................................   15  .  903 

Alumina,  iron  oxides,  manganese,  and  phosphates  .........     9.460 

Potash    ....................................................  436 

Soda    ......................................................  164 

Sulphuric    acid  ............................................     1  .  025 


2.     AVAILABILITY  OF  DEVONIAN   LIMESTONES  FOR  THE  MANU- 
FACTURE OF  NATURAL  CEMENTS. 

Among  the  preceding  analyses,  attention  may  be  called  to 
the  small  quantity  of  silica  in  the  magnesian  limestones  from 
the  Olympian  Springs,  and  from  the  vicinity  of  the  Oil  well 
on  Lulbegrud!  creek,  northeast  of  Indian  Fields.  The  small 
quantity  of  silica  in  the  cherty  part  of  the  Devonian  limestone 
in  the  Duffln  cut,  north  of  Shelby  City,  also  is  of  interest,  since 
here  a  much  larger  percentage  of  silica  was  expected.  The 
question  arises  whether  the  segregation  of  silica  in  the  cherty 
bands  and  nodules  throughout  certain  layers  of  the  limestone 
has  not  reduced  the  percentage  of  silica  in  the  immediately  sur- 
rounding matrix  of  limestone  within  which  the  chert  occurs. 
There  is  no  doubt,  however,  that  by  far  the  greater  part  of  the 
chert  must  have  entered  the  limestone  from  some  extraneous 
source,  since  in  some  cases  the  quantity  of  chert,  actually  ex- 
ceeds the  total  quantity  of  limestone,  and  often  is  large  enough 
to  necessitate  some  other  origin  than  that  of  the  limestone  itself. 

All  of  the  Devonian  limestones  investigated  are  too  strongly 
magnesian  to  be  available  for  the  manufacture  of  high  grade 
Portland  cement.  The  percentage  of  magnesium  carbonate  us- 
ually equals  or  exceeds  15  per  cent.  The  layer  at  the  base  of  the 
Devonian  limestone  at  Elliston,  which  contains  10  per  cent  of 
magnesium  carbonate  is  only  a  couple  of  feet  thick. 

Moreover,  most  of  the  Devonian  limestones  are  not  likely  to 
be  of  value  in  the  production  of  natural  cements.  The  total 
thickness  of  Devonian  limestones  in  most  parts  of  Kentucky, 
east  of  the  Cincinnati  geanticline,  is  altogether  too  small  to 
make  them  available,  especially  since  such  a  large  part  of  even 
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this  comparatively  small  section  of  limestone  is  likely  to  be 
entirely  too  cherty  to  be  of  use  commercially.  Locally,  how- 
ever^  considerable  sections  are  known  which  are  comparatively 
free  from  chert.  Some  of  the  localities  near  Elliston,  and1  others 
several  miles  northeast  of  Waco,  in  Madison  county,  are  known 
to  be  comparatively  free  from  chert  and  yet  to  show  abou£ 
twenty  feet  of  rock  which  might  be  commercially  available. 
Other  localities  exist  near  Crab  Orchard,  and  several  of  these 
are  very  favorably  situated  as  regards  railroad  facilities.  No 
chemical  analyses  have  been  made  so  far  however. 

Under  the  term  natural  cements  a  great  variety  of  cements 
are  included.  In  the  manufacture  of  natural  cements  no  at- 
tempt is  made  to  remedy  any  of  the  defects  of  the  natural  rock. 
There  is  no  mixture  of  materials,  but  whatever  rock  is  selected 
for  manufacture  is  burned  without  mixing  or  preliminary  grind- 
ing. As  in  the  case  of  Portland  cement,  the  essential  elements 
again  are  the  lime,  silica,  alumina,  and  ferric  oxide,  but  the 
rock  is  always  burned  at  a  lower  temperature  than  Portland 
cements,  the  mass,  of  the  rock  in  the  kiln  is  never  hot  enough 
to  even  approach  the  fusing  or  clinkering  point  which  is  es- 
sential in  the  manufacture  of  Portland  cements.  The  lime 
combines  with  the  silica,  alumina,  and  ferric  oxide,  forming 
various  silicates,  aluminates,  and  ferrites  of  iron,  but  the 
natural  cements  set  more  rapidly  than  Portland  cement  and 
ultimately  do  not  attain  so  high  a  degree  of  strength. 

Limestones  used  for  the  production  of  natural  cements  in- 
variably are  clayey,  containing  from  13  to  35  per  cent,  of  clayey 
material  (alumina  and  silica),  of  which  10  to  22  per  cent,  isi 
silica,  while  alumina  and  ferric  oxide  together  may  vary  from 
4  to  16  per  cent.  Since  a  great  variety  of  clayey  limestones 
will  produce  natural  cement  on  burning,  it  is  evident  that  rocks 
favorable  for  this  purpose  must  be  comparatively  common  and 
widely  distributed.  For  this  reason,  afcso,  natural  cements  are 
likely  to  be  comparatively  cheap  and  must  find  a  market  near 
home,  usually  within  the  boundaries  of  the  State  producing 
them. 

In  the  production  of  these  natural  cements  a  much  higher 
percentage  of  magnesium  carbonate  is  permissible.  In  the  lime- 
stones used  for  the  manufacture  of  the  so-called  Louisville 
cements,  the  percentage  of  magnesium  carbonate  varies  from 
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15.90  to  35  per  cent.  In  fact,  in  the  case  of  natural  cements, 
the  magnesium  carbonate  may  be  regarded  as  equivalent  to  an 
approximately  equal  amount  of  lime  carbonate  and  the  two  may 
be  calculated  together,  as  far  as  their  availability  in  the  pro- 
duction of  natural  cements  is  concerned.  This  being  the  case, 
it  is  believed  that  the  usefulness  of  Devonian  limestone  for  the 
manufacture  of  natural  cements  deserves  investigation,  espec- 
ially in  the  neighborhood  of  Crab  Orchard,  and  in  certain  parts 
c  f  Madison  county. 


B.     DEVONIAN  BLACK  SHALES. 

The  chemical  composition  of  the  Devonian  Black  shales  is 
indicated  sufficiently  by  the  following  analyses,  one  from  Mad- 
ison county,  Kentucky,  the  other  from  the  vicinity  of  Columbus, 
Ohio. 


Kentucky, 
Madison  county 

Columbus, 
Ohio 

Bituminous  matter    water   and  loss  

12.000 

11.40 

Silica  

63.120 

60.35 

Alumina  and  iron  peroxide  

8.560 

21.20 

Phosphoric  acid  

.143 

Lime    

6.261 

2.  95  "carbonate 

Magnesia    

2.034 

3.33—  carbonate. 

Potash  

1.363 

Soda,  not  estimated. 

1.     THE  MINERAL  WATERS  OF  THE  BLACK  SHALES. 

The  black  shale  often  contains  iron  pyrites,  the  decompo- 
sition of  which  results  in  the  production  of  copperas.  A  gen- 
eral idea  of  the  chemical  composition  of  this  copperas  is  af- 
forded by  the  following  analysis. 

1083. — Saline  efflorescence  or  copperas,  from  the  Devonian 
Black  slate,  near  David  Mifford,  8  miles  from  Clarksburg,  and 
4  miles  beyond  Valley,  Lewis  county.  Yellowish  white. 
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Water  and  loss 48.762 

Impurities 1 . 000 

Aluminum   sulphate 25 . 585 

Iron    sulphate 15 . 653 

Magnesium    sulphate 1 . 000 

Alkaline    sulphates 8.000 

Those  sulphates  go  into  solution  in  the  waters  percolating 
through  the  black  shales,  and  issue  at  springs  to  which  they 
may  give  a  more  or  less  distinct  flavor.  Many  other  substances 
are  taken  up,  some  of  them  in  sufficient  quantities  to  be  readily 
detected  on  analysis.  It  has  been  stated  that  the  table  of  con- 
tents of  the  waters  from  a  mineral  spring  is  but  an  index  of  the 
various  geological  strata  through  which  its  waters  have  passed 
and  of  the  mineral  bodies  Avith  which  they  have  come  in  contact. 
In  this  sense,  the  Devonian  black  shales  should  be  of  special 
interest  to  the  people  of  Kentucky,  since  a  considerable  part  of 
the  springs  which  are  visited,  more  or  less,  for  their  medicinal 
virtues  issue  from  the  black  shales.  Among  these  may  be  men- 
tioned the  Fox  springs,  eight  miles  east  of  Flemingsburg,  in 
Fleming  county;  the  Olympian  springs,  in  the  southeastern 
part  of  Bath  county;  the  Oil  springs,  about  a  mile  northeast 
of  Indian  Fields,  in  the  northeastern  part  of  Clark  county ;  the 
Estill  springs,  about  a  mile  north  of  Irvine,  in  Estill  county; 
Hale's  well,  about  four  southeast  of  Stanford,  in  Lincoln  county; 
the  Linietta  springs,  northwest  of  Junction  City,  in  Boyle 
county;  Alum  springs,  two  miles  farther  west  in  Boyle  county; 
the  Sulphur  springs,  three  miles  southeast  of  Lebanon,  in  Ma- 
rion county ;  and  numerous  other  springs,  less  known  but  with 
waters  containing  the  same  ingredients. 

For  convenience,  mineral  waters  may  be  divided  into  several 
classes.  AlkaUnie  waters  are  those  which  contain  as  principal 
ingredients  the  carbonates  of  the  alkaline  earths,  calcium  and 
magnesium,  and  the  carbonates  of  the  alkalies,  potassium  and 
sodium.  Waters  of  this  class  usually  contain  considerable  so- 
dium carbonate  and  calcium  carbonate,  and  small  amounts  of 
the  chlorides  and  sulphates.  If  much  sodium  carbonate  is  pres- 
ent, the  water  has  a  greasy  touch.  Such  waters  are  regarded 
as  diuretic,  producing  an  increased  flow  of  urine,  and  so  may 
be  of  service  in  flushing  the  system  and  in  helping  to  get  rid 
of  accumulated  waste  products.  Saline  waters  contain  as  prin- 
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cipal  ingredients  the  sulphates  or  chlorides  of  calcium,  mag- 
nesium, aluminum,  potassium  and  sodium.  Sodium  chloride  is 
the  most  common  ingredient  of  such  waters,  but  magnesium 
sulphate  (Epsom  salt)  and  sodium  sulphate  (Glauber  salt)  oc- 
cur in  most  wafers  of  this  class.  Sodium  carbonate,  on  the 
contrary,  occurs  only  in  very  small  quantity  as  a  rule.  Sodium 
chloride  waters  are  said  to  be  useful  in  stimulating  the  gastric 
mucous  membrane,  in  increasing  the  appetite,  and  in  getting 
rid  of  excessive  amounts  of  secreted  mucus.  The  best  results 
are  obtained  in  gastritis.  Saline  waters  containing  considerable 
quantities  of  magnesium  and  sodium  sulphate  are  purgative. 
Chalybeate  waters  contain  as  their  principal  ingredients  the 
salts  of  iron,  especially  iron  bi-carbonate.  On  coming  to  the 
surface  at  the  spring,  this  bi-carbonate  gives  up  the  carbonic 
acid  and  takes  up  oxygen.  It  thus  is  changed  to  iron  oxide 
which  precipitates  or  settles  as  a  brownish-yellow  sediment. 
This  sediment  is  seen  not  only  at  the  spring  but  also  for  some 
distance  along  the  stream  leading  away  from  the  spring.  Such 
waters  are  often  recommended  for  patients  suffering  from  an- 
emic or  chlorotic  conditions.  Iron  compounds,  if  taken  in  suf- 
ficient quantities,  or  for  a  long  time,  may  cause  constipation 
and  other  disturbances  of  the  digestive  system,  but  usually  they 
occur  in  too  small  a  quantity  in  the  mineral  waters  to  cause 
any  injury. 

Sulphur  waters  are  those  which  contain  a  sufficient  quan- 
tity of  hydrogen  sulphide  to  be  readiTv  recognized  by  the  smell. 
The  same  gas  is  present  in  rotten  eggs  and  hence  waters  con- 
taining sulphuretted  hydrogen  often  are  said  to  smell  and  taste 
like  rotten  eggs.  On  reaching  the  surface  at  the  spring,  much 
of  the  hydrogen  sulphide  escapes.  When  brought  in  contact 
with  the  oxygen  of  the  air,  the  gas  in  part  is  dissociated  into 
its  elements  and  the  sulphur  is  deposited  as  a  white  or  whitish- 
yellow  sediment  upon  surrounding  objects,  while  the  hydrogen 
unites  with  the  oxygen  to  form  water.  Wells  containing  this 
deposit  often  are  known  as  white-sulphur  wells.  When  salts 
of  iron  are  present,  the  free  sulphur  may  unite  with  the  iron 
to  form  black  flakes  of  iron  sulphide,  resulting  in  a  black  sedi- 
ment, and  giving  rise  to  the  name  l)iaek»sulphur  wells.  As  far 
as  known,  hydrogen  sulphide  does  not  have  any  pronounced 
medicinal  value  when  taken  into  the  stomach.  Waters  contain- 


KENTUCKY   GEOLOGICAL   SURVEY.  257 

ing  hydrogen  sulphide  in  notable  quantities  usually  are  more 
or  less  saline  and  the  medicinal  virtues  of  these  waters  is  due 
to  their  saline  contents  and  not  to  the  gas.  The  bad  smell  of  the 
water  is  not  an  index  of  its  medicinal  value. 

All  of  these  classes  of  springs  are  represented  among  the 
springs1  issuing  from  the  Devonian  black  shale,  as  may  be  seen 
by  an  examination  of  the  following  partial  records  of  analyses, 
in  which  only  the  principal  ingredients  are  recorded.  Most  of 
these  analyses  were  made  so  long  ago  that  a  special  report  on 
the  mineral  springs  of  the  Devonian  black  shale  belt  is  now  de- 
sirable. A  report  bringing  together  all  available  information 
on  the  mineral  waters  of  Kentucky,  and  accurately  defining 
their  mineral  ingredients^  would  be  of  material  assistance  to 
physicians  in  recommending  to  their  patients  the  use  of  waters 
from  particular  springs.  In  the  following  analyses  the  figures 
state  the  number  of  parts1  of  the  ingredients  found  in  a  total  of 
1,000  parts  of  water. 
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Fox  Spring,  Fleming 
County,  Chalybeate 
Water ,  Epsom,  Glauber, 
Chalybeate 


Olympian  Springs,  Bath 
Countv,  Main  Chaly- 
beate Spring,'Ferrugin- 
ous-brown  sediment, 
Epsom,  Chalybeate 


Junction  City,  Procter's 
Well,  Epsom,  Glauber. . 


Olympian  Springs, 

Chalybeate  Spring, 

Brownish-orange  sedi- 

ment, Epsom,  Glauber. 


Junction  City,  Fale's 
Epsom  Spring  Epsom, 
Glauber,  Chalybeate  .  .  . 


Indian  Fields,  Grove's 
Well,  from  Crab  Orch- 
ard Bed,Epsom,Glaubei 


X 


Lebanon,  Marion  Co., 
Harrison  Spring,  from 
Waverly  Bed,  Epsom, 
Glauber 


Junction  City,  Boyle 
County, Knott's  Spring, 
Glauber,  Epsom 


•a 


PH  £  £ 
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In  the  ease  of  the  Alkaline  springs,  those  in  which  sodium 
carbonate  is  the  chief  ingredient  predominate.  Springs  of  this 
type  occur  northeast  of  Indian  Fields,  and  near  the  Olympian 
Springs.  Those  at  Junction  City  and  at  Fox  Springs  contain 
not  only  sodium  carbonate  but  also  appreciable  quantities  of 
the  sulphates  of  sodium  and  magnesium. 

Some  saline  springs  contain  sodium  chloride  in  quantities 
so  much  greater  than  that  in  which  the  other  ingredients  occur 
that  the  name  salt  springs  or  salt  wells  appears  most  appro- 
priate. One  well  at  Junction  City,  and  two  at  the  Olympian 
Springs  are  good  examples  of  these  wells.  Magnesium  chloride, 
and  also  the  carbonate  of  sodium  or  magnesium,  or  both,  also 
occur.  A  well  containing  a  considerable  quantity  of  salt  oc- 
curred at  the  crossing  of  the  Cincinnati  Southern  railroad  over 
Green  river,  and  another  is  found  just  east  of  the  depot  at  Crab 
Orchard. 

In  one  of  the  wells>  at  Junction  City,  the  sulphate  of  soda 
or  Glauber  salt  predominates,  although  the  sulphate  of  magnesia 
or  Epsom  salt  also  occurs  in  considerable  quantities.  Usually 
the  conditions  are  reversed  and  Epsom  salt  predominates;  very 
much.  Wells  of  the  latter  class  occur  at  Lebanon,  Indian  Fields, 
Junction  City,  Olympian  Springs ;  and  one  at  Fox  Springs  shows 
a  slightly  greater  quantity  of  magnesium  sulphate.  The  well  at 
Lebanon  issues  from  the  base  of  the  Waverly  series,  from  the 
lower  part  of  the  Linietta  or  Bedford  clay  shales.  The  one  at 
Indian  Fields  is  in  the  Crab  Orchard  bed.  The  wells  at  Olym- 
pian Springs  issue  from  the  crevices  in  the  Devonian  limestone, 
at  the  base  of  the  Devonian  black  shales.  The  water  at  Fox 
Spring  issues  from  near  the  top  of  the  limestone  underlying 
the  Devonian  black  shale.  From  this  it  may  be  seen  that  saline 
springs  in  which  the  sulphates  of  magnesia  and  sodium  are  the 
chief  ingredients  are  more  common  in  the  ordinary  clays  of  the 
Crab  Orchard  and  Waverly  beds,  and  in  the  accompanying  lime- 
stones, than  in  the  carbonaceous  Devonian  black  shales. 

Waters  containing  more  or  less  alum  and  copperas  are  more 
common  in  the  Devonian  black  shales  than  is  indicated  by  the 
accompanying  analyses.  The  analyses  have  not  been  made  with 
the  view  of  determining  what  percentage  of  the  saline  material 
is  in  the  form  of  alum.  The  carbonate  of  iron  occurs  in  small 
quantities  in  quite  a  large  number  of  the  springs  which  have 
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been  examined.  In  only  two  springs,  however,  is  iron  carbonate 
the  chief  ingredient,  and  both  of  these  occur  at  Alum  Springs, 
a  short  distance  east  of  Junction  City,  on  the  Knoxville  branch 
of  the  Louisville  and  Nashville  railroad. 

Such  traces;of  life  as  have  been  found  in  the  Devonian  black 
shales  have  been  chiefly  of  vegetable  origin  and  on  this  account 
the  bituminous  matter  in  these  shales  is  believed  to  be  chiefly 
of  vegetable  origin.  The  large  accumulations  of  oil  at  Kagland 
and  Irvine  may  have  had  an  entirely  different  origin.  The  min- 
eral part  of  the  shales  does  not  show  any  close  agreement  with 
the  materials  forming  the  Crab  Orchard  clays,  from  which,  in- 
deed, they  are  separated  in  the  greater  part  of  the  area  under 
discussion  by  the  Devonian  limestone.  As  compared  with  the 
Crab  Orchard  clay,  the  black  shales  show  more  silica  and  lime, 
and  less  alumina  and  potash.  The  reasons  for  these  differences 
have  not  been  determined. 

The  Devonian  black  shales,  in  their  original  condition,  are 
useful  chiefly  as  road  material.  Although  very  little  intelligence 
is  shown  usually  in  the  use  of  this  material  for  roads,  during  a 
large  part  of  the  year  the  black  shale  roads  are  in  excellent  con- 
dition. TVhen  greatly  decayed  and  reduced  to  clay,  the  Black 
shale  is  serviceable  for  the  manufacture  of  vitrified  brick. 


The  Chemical  Characteristics  of  the  Lower  Waverly 

Rocks. 

A.     LINIETTA  OR  BEDFORD  CLAY  SHALES. 

At  the  base  of  the  Llnietta  or  Bedford  clay  shales,  at  the 
bottom  of  the  Waverly  series  of  strata,  phosphatic  nodules  occur 
very  frequently  and  over  a  wide  area.  Usually  they  are  con- 
fmed  to  a  few  inches  at  the  base  of  the  series,  although  ranging 
sometimes  for  several  feet.  They  often  contain  fossil  remains, 
usually  some  shell  or  the  fragment  of  some  fish  remain.  The 
following  analysis  indicates  at  least  the  presence  of  considerable 
phosphatic  material. 
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2281. — Phosphatic  nodules,  Boyle  county.  Probably  from 
the  neighborhood  of  Junction  City. 

Geological  position :  From  the  base  of  the  Linietta  or  Bed- 
ford clay  shales,  at  the  base  of  the  Waverly  series.  Collected 
by  William  M.  Linney,  Oct.  17,  1882. 

Shapes  generally  oblong,  spheroidal  or  ovoid,  somewhat 
flattened.  Exterior  of  a  dull  brownish-gray  color;  interior 
darker  and  irregularly  cellular.  Some  of  them  contained  frag- 
ments of  fossil  bones. 

On  examination  they  were  found  to  contain  bituminous  mat- 
ter, ferrous  carbonate,  and  a  considerable  proportion  of  phos- 
phates, which  in  one  analysis  gave  29.10  per  cent,  of  phosphoric 
acid  (P2O5). 

At  the  base  of  the  Waverly  series  of  strata  there  is  a  great 
ma,ss  of  clays,  here  called  the  Linietta  clay,  which  occupies  about 
the  same  horizon  as  the  Bedford  formation  of  Ohio  and  the  New 
Providence  shale  of  Indiana.  Northward,  toward  the  Ohio  river, 
this  clay  section  is  replaced  by  arenaceous  shales  interbedded 
with  fine-grained  sandstones  or  freestones.  The  analyses  of 
the  Linietta  clays  are  fairly  represented  by  those  cited  below. 

2597. — Linietta  or  Bedford  clay.  From  Blue  Lick,  Madison 
county.  From  Berea,  1.5  miles  on  Kingston  pike,  then  1.5  miles 
east  to  junction  with  Blue  Lick  pike.  Southwest  of  road  corner. 
Geological  position :  0  to  40  feet,  at  base  of  Waverly.  Collected 
by  A.  F.  Foerste,  1904. 

Analysis  of  air-dried  sample: 

Moisture    1 . 75 

Ignition  (combined  water,  etc.) 4 . 29 

Silica   65.58 

Alumina    16 . 00 

Ferric    oxide 5.21 

Lime    OR 

Magnesia    1.25 

Potash    3.89 

Soda    82 

Titanium    dioxide 1  •  13 

Sulphates    and   phosphates Traces 

Total    .  39.95 
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2499. — Clay.  On  the  land  of  John  Pigg,  three  miles  north- 
east of  Berea,  two  miles  south  of  Bobtown,  near  the  road  from 
Berea  to  Bobtown,  at  the  Blue  Lick.  Locality :  R-S-8.  Geologi- 
cal position:  pnietta  or  Bedford  clay  shale  at  base  of  the 
Waverly  series.  Collected  by  Moritz  Fischer,  August  16,  1884. 

Analysis  cf  air-dried  sample: 

Hygroscopic  moisture 1 . 030 

Combined  water  and  loss 2 . 947 

Silica    68 . 440 

Alumina  and  iron  oxide 20 . 180 

Lime  carbonate .  144 

Magnesia    carbonate 2 . 860 

Potash    3 . 678 

boda    740 

Phosphoric   acid    (P;O5) A  trace 


Total    100.000 

Pulverized  and  kneaded  with  Avater,  it  would  be  plastic 
enough  to  be  used  for  common  pottery-ware. 

2618. — Analysis  of  clay,  Junction  City,  Boyle  county,  Ky. 
Geological  position :  Linietta  or  Bedford  clay,  at  base  of  Waver- 
ly series.  Blue  Lick,  northwest  of  Linietta  Springs,  northwest 
of  Junction  City  about  one-half  mile.  A.  F.  Foerste,  1904. 

Analysis  of  air-dried  sample: 

Moisture    1 . 35 

Ignition  (combined  water,  etc.) 4.85 

Silica 62.44 

Alumina    17 . 87 

Ferric    oxide 6.31 

Lime     18 

Magnesia   1.18 

Potash    3.52 

Soda 77 

Titanium    dioxide 1-04 

Sulphur    trioxide 19 


Total    99 . 70 

1873. — Clay.  From  the  headwaters  of  Green  river,  on  the 
land  of  Thomas  W.  Varnon.  Bed  two  to  four  feet  from  the 
surface,  and  said  to  be  forty-two  to  forty-five  feet  thick;  resting 
on  Black  shale  which  is  fifty  feet  thick.  Salt  water  is  found 
by  boring  at  a  depth  of  eighty-four  feet,  and  some  little  petro- 
leum in  the  sandstone.  Collected  bv  Senator  Varnon. 
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Geological  position:  From  the  Linietta  or  Bedford  clay 
shale,  forming  the  base  of  the  Waverly  series. 

Clay  imperfectly  laminated,  of  a  dark  olive-gray  color.  Burns 
to  a  gray-buff  color.  The  considerable  proportions  of  the  iron 
oxide,  lime,  potash,  and  soda  prevent  this  clay  from  being  re- 
fractory in  the  fire ;  but  while  it  is  therefore  unfit  for  the  manu- 
facture of  fire-brick,  it  will  yet  answer  well  for  ordinary  pottery, 
terra  cotta  work,  and  tiles. 

Analysis,  dried  at  212  degrees  F. : 

Water  and  loss 5 . 705 

Silica 61 . 580 

Alumina 23.946 

Iron   protoxide 5.814 

Phosphoric    acid Not  Det. 

Lime 201 

Magnesia     .  850 

Potash 1.542 

Soda  .  362 


Total    100.000 

As  compared  with  the  Crab  Orchard  clay,  these  clays  at  the 
base  of  the  Waverly  series  contain  more  silica,  about  the  same 
amount  of  alumina  and  iron,  and  a  less  quantity  of  lime,  mag- 
nesia, and  potash.  These  clays  contain  too  much  iron  to  be 
serviceable  as  stoneware  clays.  They  contain,  however,  enough 
iron  and  alkalies,  and  are  sufficiently  low  in  lime  and  magnesia 
to  make  excellent  clays  for  vitrified  ware,  paving  brick,  sewer 
pipe  and  the  like.  They  will  burn  to  a  cherry  red  color,  and 
would  serve  also  for  the  manufacture  of  ordinary  brick.  O wing- 
to  the  larger  percentage  of  silica,  the  Linietta  or  Bedford  clays 
should  be  more  serviceable  than  the  Crab  Orchard  clay  for  the 
manufacture  of  Portland  cement.  The  clay  from  the  Blue  Lick 
locality,  for  example,  conforms  quite  closely  to  the  fonftula  that 
the  sum  of  the  alumina  and  the  iron  oxide  shall  equal  about 
a  third  of  the  silica,  and  the  requirement  that  the  silica  shall 
equal  at  least  55  per  cent,  and  preferably  should  be  between  60 
and  70  per  cent. 
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B.     UPPER  LAYERS  OF  THE  WAVERLY  SERIES. 

No  attemptihas  been  made  to  study  the  upper  layers  of  the 
Waverly  series  in  east-central  Kentucky.  In  the  vicinity  of 
Vanceburg,  on  the  Ohio  river,  at  Alum  Refc-k,  the  thickness  of 
the  arenaceous  clay  shales  and  inter  bedded  sandstones,  repre- 
senting the  Bedford  formation  of  northern  Ohio,  is  approxi- 
mately 90  feet.  This  is  overlaid  in  succession  by  Berea  sand- 
stone, 21  feet  thick;  thin  black  argillaceous  Sunbury  shale,  13 
feet  thick,  and  other  shaly  and  sandy  layers,  representing  the 
Cuyahoga  shales.  None  of  these  overlying  layers  can  be  recog- 
nized as  distinct  formations  in  east-central  Kentucky.  The 
freestone  layers  at  Irvine,  and  those  quarried  at  Berea  occur 
fully  350  feet  above  the  top  of  the  Devonian  black  shale.  This, 
probably,  is  the  horizon  also  of  the  Farmer  station  sandstone. 

2429. — Sandstone.  From  the  quarry  near  Farmer  Station, 
on  the  Chesapeake  &  Ohio  Railroad,  thirty-five  miles  beyond 
Mount  Sterling.  Collected  by  W.  W.  Monroe. 

Geological  position:  Probably  from  the  upper  part  of  the 
Waverly  series,  350  feet  above  the  base  of  the  series. 

A  fine-grained  sandstone  of  a  handsome  light  gray  color  on 
the  recently  exposed  surfaces,  showing  a  few  minute  spangles 
of  mica.  Stained  light  ochreous  and  brownish  on  the  weathered 
surfaces.  Showing  no  fossil  remains,  except  Taonurus  cauda- 
galli  on  one  of  its  surfaces.  This  rock  was  used  in  the  construc- 
tion of  the  court-house  at  Lexington  in  1882.  It  is  composed 
of  fine  grains  of  transparent,  colorless  quartz  united  by  a  cement 
composed  of  carbonates  of  iron,  lime,  and  magnesia,  with  a  little 
silicate  of  alumina. 

Analysis;  sample  air-dried: 

Moisture   and   loss 2 . 514 

Sand  and  insoluble  silicates < . .  93.128 

Alumina,  phosphoric  acid  and  loss 1 . 188 

Iron    carbonate 2.336 

Lime    carbonate •  578 

Magnesia    carbonate •  256 


Total    .  100.000 
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2498. — Plastic  clay.  From  the  land  of  Gordon  Glasgow,  on 
the  slope  of  Bear  Mountain,  three  miles  southeast  of  Berea, 
Madison  county. 

Geological  position:  Collected  by  Moritz  Fischer,  July  1, 
1884,  and  labeled  as:  Clay  in  the  Waverly  series,  near  the 
Conglomerate.  This-  probably  is  a  clay  member  of  the  Penning- 
ton  shale,  near  the  Rockcastle  conglomerate,  above  the  Lower 
Carboniferous  limestone,  and  occurs  about  600  feet  above  the 
base  of  the  Waverly. 

A  light  gray,  plastic  clay.  Calcines  to  a  light  reddish  color. 
This  clay  could  be  used  for  the  manufacture  of  various  kinds  of 
common  pottery  ware,  terra  cotta  products,  and  the  like. 

Analysis  of  air-dried  sample : 

Water   and   loss 20.014 

Silica     48.000 

Alumina    18.380 

Iron    peroxide 3 . 900 

Lime    carbonate 1 . 600 

Magnesia    carbonate 4 . 033 

Potash    3.797 

Soda    276 

Total    .  100.000 


The  Chemical  Composition  of  the  Irvine  Clays. 

Probably  no  class  of  clays  in  the  central  parts  of  Kentucky 
have  aroused  a  wider  interest  for  a  longer  time  than  those  from 
the  Irvine  formation  in  various  parts  of  Madison  county.  From 
no  area  of  similar  small  size  have  we  as  many  analyses.  This 
is  due  to  the  fact  that  at  an  early  date  a  fairly  extensive  produc- 
tion of  common  stone-ware  was  founded  upon  the  use  of  thisi 
clay,  and  that  this  stone-ware  industry  is  still  in  existence. 

Stoneware  differs  from  common  earthenware  chiefly  in  the 
fact  that  earthenware  is  burned  merely  until  it  reaches  the 
stage  of  incipient  vitrification  but  remains  porous,  while  in  the 
case  of  stoneware  the  clay  is  burned  to  vitrification  so  that  the 
body  of  the  ware  becomes  impervious  to  moisture.  The  color 
of  the  body  may  be  reddish,  buff,  or  bluish  black,  but  this  color 
frequently  is  concealed  by  a  coating  of  salt  glaze  or  slip.  Stone- 
ware is  made  usually  from  refractory  or  semi-refractory  clays, 
the  best  results  often  being  obtained  by  mixing  different  clays. 
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One  of  the  clays  is  used  to  supply  stiffness  to  the  body  in  burn- 
ing, while  the  other  supplies  the  fluxing  qualities  and  serves 
to  bind  the  ware  together.  The  fusible  impurities  must  be  of 
such  a  character  as  to  cause  the  body  to  attain  a  state  of  incipi- 
ent fusion  wThile  the  slip  or  glaze  at  the  same  temperature  will 
melt. 

When  the  ratio  of  alumina  to  ferric  oxide  equals  7  to  1  the 
resulting  stoneware  is  not  colored  red  by  the  ferric  oxide,  but 
takes  on  a  yellowish  color,  which  becomes  yellowish-white  or 
nearly  white  as  this  ratio  approaches  13  to  1.  Clays  of  this 
kind  could  be  used  also  for  the  manufacture  of  light  or  buff 
brick. 

Chemical  analyses  usually  show  the  following  range  of  vari- 
ation : 


Maximum 

Minimum 

Average  of 
8  analyses 

Silica,                      

72.10 

45.00 

64.08    / 

Alumina      

38.24 

19.08 

23.86 

1.50 

0.96 

1.23 

1.70 

0.78 

Magnesia       

0.68 

0.11 

0.40 

Soda                   

Trace 

Trace 

Potash.    

2.42 

0.15 

1.48 

Water    . 

14.80 

6.25 

7.78 

Among  the  earlier  analyses  of  the  stoneware  clays  of  Madison 
county  are  the  following: 

946. — Potter's  clay.  Four  miles  northwest  of  Irvine,  on  the 
Richmond  pike.  Light  buff-gray,  with  stratified  lines  of  red- 
dish. Appears  to  be  principally  fine  quartzose  sand  with  a 
few  minute  sparkling  specks  of  mica. 

Geological  position:     Irvine  formation. 

Water  expelled  at  red  heat 4.400 

Silica  71.780 

Alumina    17.580 

Iron    oxide 2.420 

Lime    None 

Magnesia    54? 

Potash    2.271 

Soda    322 

Sulphuric    acid 112 

Loss  5(>8 
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1122. — Potter's  clay,  near  Waco. 
Geological  position :    Irvine  formation. 
Analysis : 

Water  expelled  at  red  heat 6 . 140 

Silica   62.58 

Alumina    21.98 

Iron   oxide 4 . 78 

Brown  oxide  of  manganese Trace 

Phosphoric    acid NotEst. 

Sulphuric   acid .  234 

Lime    Trace 

Magnesia    1 . 276 

Potash    2 . 607 

Soda     500 

In  sample  No.  946,  the  ratio  of  alumina  to  ferric  oxide  is 
about  7  to  1  and  the  clay  should  burn  to  a  buff  color.  TJie  per- 
centage of  silica  is  rather  high,  and  the  clay  should  prove  more 
refractory  than  sample  No.  1122.  In  the  latter  case  the  ratio  of 
the  alumina  to  ferric  oxide  is  about  5  to  1  and  the  color  of  the 
burned  clay  should  be  darker. 

Two  additional  analyses  of  the  potter's  clay  at  Waco  were 
published  in  1877. 

1876«. — Potter's  clay,  quality  No.  1.    Light  gray  soft  clay. 
1876&. — Potter's  clay,  quality  No.  2.    Of  a  bluish-gray  color. 
Both  clays  from  the  neighborhood  of  Waco.    These  are  good 
clays  for  ordinary  stoneware. 

Analyses ;  dried  at  212  degrees  F. : 


No.  1876« 

No.  18763 

Combined  water  and  loss  

7.020 

10.531 

Silica                       

59.976 

56.960 

Alumina,  iron  and  manganese  oxides,  and  phosphoric 
acid    

27.640 

28.740 

Lime    carbonate  

.280 

.200 

Magnesia     

.606 

.752 

Potash    

3.931 

2.502 

Soda    

.547 

.315 

Total     

100.000 

100.000 

These  samples  do  not  differ  greatly  from  No.  1122,  although 
the  percentage  of  silica  is  less.    Possibly  the  inferior  quality  of 
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the  sample  said  to  be  of  quality  No.  2  was  due  to  its  vitrifying 
at  a  lower  temperature,  due  to  a  smaller  percentage  of  silica 
and  a  larger  percentage  of  iron. 

In  1879  two  Additional  analyses  were  published,  presuma- 
bly from  clay  used  for  the  manufacture  of  stoneware.  Bybee- 
town  is  now  known  as  Portland,  and  is  still  the  seat  of  stoneware 
manufacture.  The  Oldham  locality  is  believed  to  have  been  on 
the  Bybeetown  side  of  Waco. 

2168. — Clay.  From  near  Bybeetown  or  Portwood.  Milton 
B'arlow.  Bed  four  feet  thick,  overlying  Black  shale. 

Geological  position:  Probably  from  the  Irvine  formation. 
Collected  by  John  R.  Procter. 

Clay  of  a  light,  warm  drab-gray  color.  Irregularly  and  im- 
perfectly laminated.  Quite  plastic.  Burns  to  a.  olelicate  light 
reddish-cream  color,  nearly  white. 

2169. — Clay  of  workable  thickness;  on  the  road  leading  from 
Waco  to  R.  Oldham ;  about  a  mile  and  a  half  from  Waco. 

Geological  position :  Collected  by  John  R.  Procter,  and 
stated  by  him  to  occur  probably  below  the  Corniferous  lime- 
stone. The  exact  locality  not  being  known,  this  statement  can 
not  be  verified,  but,  in  this  area,  plastic  clays  with  a  very  small 
percentage  of  lime  are  not  known  in  Silurian  formations. 

A  compact  clay,  generally  of  a  light,  olive-gray  color,  stained 
irregularly  with  ochreous  and  ferruginous.  Quite  plastic.  Cal- 
cines quite  hard,  to  a  handsome  light  brick  color. 

Analysis ;  sample  dried  at  212  degrees  F. : 


No.  2168 

No.  2169 

\Vater  and  loss                                      

6.973 

5.166 

Silica    

62.560 

64.566 

Alumina                                         

24.780 

20.160 

Iron    peroxide  

1.800 

4.200 

Lime                                                    ! 

A  trace 

.213 

Magnesia    

.317 

.641 

Potash    

3.276 

5.054 

Soda     | 

.294     1 

Not  Est. 

Total 

100.000 

100.000 

Regarding  these  clays,  Dr.  Robert  Peter,  the  chemist  of  the 
Survey,  made  the  following  remarks: 
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These  are  good  plastic  clays  for  the  manufacture  of  ordinary 
pottery  ware,  as  well  as  for  ornamental  articles  of  terra  cotta, 
for  which  they  are  adapted  because  of  the  pleasing-  tints,  which 
they  assume  on  calcination.  Tliey  owe  these  tints  to  their  con- 
siderable proportion  of  iron  oxide,  which,  together  with  their 
large  proportion  of  potash  renders  them  unavailable  as  fire-clays. 
This  very  circumstance,  however,  may  fit  them  for  stoneware 
and  for  superior  kinds  of  hard-burnt,  semi-fused,  ornamental 
pottery  in  the  hands  of  skillful  workmen  and  artists. 

The  ratio  of  alumina  to  ferric  oxide  in  sample  No.  2168  is 
about  13  to  1,  and  the  clay  should  burn  to  a  nearly  white  color. 
In  sample  No.  2109,  this  ratio  is  about  5  to  1,  and  the  clay 
should  burn  to  a  distinctly  brick-red  color.  The  percentage  of 
potash  is  large,  and  the  clay  should  flux  at  a  distinctly  lower 
temperature  than  any  so  far  mentioned.  This  should  cause  it 
to  be  regarded  as  an  inferior  clay. 

In  1884,  the  following  analyses  were  published,  showing  that 
the  interest  in  stoneware  clay  still  focussed  around  Bybeetown 
and  Waco,  in  Madison  county. 

2496. — Clay.  From  the  land  of  James  Walker  Lewis,  two 
miles  southeast  of  Bobtown,  about  one  hundred  yards  to  the 
left  of  the  Big  Hill  pike,  almost  opposite  the  blacksmith  shop. 

Geological  position :  Bed  four  to  five  feet  thick,  resting  on 
Silurian  clay  shale.  Sample  of  the  upper  ten  inches'.  Collected 
by  Moritz  Fischer,  June  21,  1884.  The  Silurian  clay  shale  at 
this  locality  is  the  Lulbegrud  clay  division  of  the  Crab  Orchard 
bed.  The  overlying  clay,  of  which  the  analysis  is  given,  prob- 
ably belongs  to  the  Irvine  formation.  Locality:  li-S-22. 

A  laminated  clay  or  soft  shale,  of  a  light  gray  color  on  the 
exterior;  darker  colored  and  brownish-yellowish-gray  in  the 
interior. 

2497. — Clay.  From  the  same  locality  as,  the  preceding. 
Sample  from  ten  to  twenty  inches  below  the  surface.  Collected 
by  Moritz  Fischer. 

Geological  position :  Apparently  from  the  Irvine  formation, 
but  the  large  percentage  of  lime  is  more  suggestive  of  Silurian 
clays. 

Darker  colored  than  the  preceding;  of  a  light  olive  green 

color. 
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No  doubt  common  pottery  ware  and  terra  cotta  could  be 
made  of  this  clay,  ground  and  properly  tempered  with  water. 
It  contains  too  much  potash,  lime,  and  iron  oxide  for  a  fire- 
clay. > 

Analysis  of  air-dried  samples: 


No.  2496 

No.  2497 

Water,  carbonic  acid,  and  loss  

8.091 

15.548 

Silica    

59  .  000 

42.560 

Alumina  and  iron  oxide  

24.640 

20.980 

Lime    

1.456 

8.680 

Magnesia    

1.096 

7.247 

Potash    

5  500 

4.819 

Soda    

.217 

.166 

Titanic    acid  

Trace 

Total     

100.000 

100.000 

Sample  No.  2496  contains  20.68  per  cent,  of  alumina  and 
3.96  per  cent,  of  iron  peroxide. 

As  compared  with  other  clays  from  the  Irvine  formation, 
the  percentage  of  lime  in  sample  No.  2496  is  rather  high,  and 
the  same  may  be  said  of  the  percentage  of  magnesia  and  potash. 
In  this  respect  the  clay  approaches  some  of  the  Crab  Orchard 
clays.  The  ratio  of  alumina  to  ferric  oxide  is  about  5  to  1,  and 
the  clay  should  burn  to  a  light  brick-red  color.  It  should  fuse 
at  a  much  lower  temperature  than  the  potter's  clays  hitherto 
mentioned,  with  the  exception,  perhaps,  of  sample  No.  2169. 
Sample  No.  2497  is  utterly  at  variance  with  any  other  clay 
known  in  this  part  of  Kentucky.  It  has  a  low  percentage  of 
silica  and  a  high  percentage  of  lime  and  magnesia  compared 
with  the  clays  so  far  investigated.  It  should  not  prove  suffi- 
ciently refractory  to  make  a  good  stoneware  clay.  The  age  of 
these  clays  is  not  definitely  known. 

Several  analyses  have  been  made  for  the  present  survey. 
The  following  analysis  is  taken  from  a  sample  of  the  clay  used 
by  the  firm  of  D.  Zittel  &  Son,  manufacturers  of  common  stone- 
ware, about  half  a  mile  east  of  Waco.  The  clay  is  obtained  from 
the  McKinney  farm,  southeast  of  Waco. 

2615.— Clay,  Waco,  Ky.,  on  G.  S.  McKinney's  land,  Madi- 
son county,  Ky. 

Geological  position:     Irvine  bed.     Thickness,  3.5  to  5  feet. 
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A.  F.  Foerste,  1904.    From  Waco,  one-fourth  miles  south,  one- 
fourth  mile  east.    Pit  on  south  side  of  road. 
Analysis  of  air-dried  sample: 

Moisture    2.27 

Ignition  (combined  water,  etc.) 5.85 

Silica     63 .  7G 

Alumina 19 . 36 

Ferric  oxide 2.59 

Lime 40 

Magnesia 82 

Potash    2 . 86 

Soda    47 

Titanium    dioxide 1.25 

Sulphuric    anhydride Trace 


Total    99 . 63 

In  this  case  the  ratio  of  the  alumina  to  the  ferric  oxide  is 
about  7.5  to  1,  and  the  clay  burns  to  a  light  buff  color.  It  is 
used  at  present  for  jugs,  jars,  churns,  and  the  like,  but  apparent- 
ly might  be  made  useful  also  for  architectural  terra  cotta,  chem- 
ical stoneware,  clay  pipes,  and  the  like,  although  not  very  re- 
fractory clay.  In  this  respect  it  is  surpassed  by  the  white  clay 
from  the  Adams  farm,  next  to  be  described.  This  clay  contains 
more  alumina,  and  less  ferric  oxide,  lime  and  magnesia.  The 
percentage  of  alumina  to  ferric  oxide  is  about  19  to  1,  and  the 
clay  burns  to  a  very  light  color.  On  this  account  it  should  be 
valuable  for  architectural  terra  cotta  and  for  light  colored 
pressed  bricks,  especially  for  those  which  are  artificially  colored 
or  speckled  by  the  use  of  manganese  or  other  metallic  oxides. 

2635. — White  clay,  on  the  Adams  farm,  near  Waco,  Madison 
county.  Color,  nearly  white,  banded  in  places  with  brown. 
Found  at  the  same  locality  as  No.  2636. 

Geological  position :  Irvine  bed.  Collected  by  A.  F.  Foerste, 
in  1904. 

Analysis  of  air.-dried  sample: 

Moisture    1 . 60 

Ignition  (combined  water  and  volatile  matter) 6.74 

Silica    61 . 00 

Alumina     23.68 

Ferric   oxide 1.21 

Lime 20 

Magnesia     68 

Potash    3.09 

Soda    43 

Titanium    dioxide 1 . 39 

Sulphur   trioxide Trace 

Total    .  100.02 
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At  present  the  Adams  farm  clay  is  used  at  the  tiling  factory,, 
at  Searcy  Station,  in  the  manufacture  of  roofing  tiles.  It  is 
mixed  with  the  clay  which  comes  from  the  immediate  vicinity 
of  the  factory,  and  probably  serves  to  bind  the  latter  together. 
The  following  analysis  indicates  the  nature  of  the  resulting 
mixture,  consisting  chiefly  of  clay  obtained  from  the  pit  at  the 
factory : 

2C34. — Tiling  factory  clay.  Obtained  north  of  the  factory, 
at  Searcy  Station,  about  a  mile  southeast  of  Mobeiiy.  The 
sample  consisted  of  broken,  unburned  roofing  tiles.  It  was 
buff  colored  and  uniform  in  appearance. 

Geological  position :  Irvine  bed.  Chiefly  alluvial.  Directly 
above  the  Devonian  black  shale.  Collected  by  A.  F.  Foerste,. 
in  1904. 

Analysis  of  air-dried  sample: 

Moisture    1 . 75 

Ignition  (combined  water  and  volatile  matter) 4.26 

Silica    73 . 78 

Alumina    13.25 

Ferric    oxide 1 . 24 

Lime    54 

Magnesia     82 

Potash     2.27 

Soda    50 

Titanium    dioxide 1 . 25 

Sulphur    trioxide » Trace 


Total    99 .  G4 

This  clay  mixture  contains  more  silica  and  less  alumina 
than  any  so  far  described.  It  is  not  used  for  stoneware,  but 
only  for  roof  tiling,  drainage  tiling  and  brick.  The  roofing 
tiles  are  burned  to  a  light  red  color,  but  those  so  far  put  out 
appear  underburned. 

The  following  analysis  shows  the  nature  of  the  clay  used  at 
the  Searcy  roofing  tile  factory  as  fire-clay. 

2636. — Fire-clay,  used  by  Searcy  at  the  roofing  tile  works. 
Obtained  from  the  Adams  farm,  near  Waco,  Madison  county. 
Samples  mostly  in  the  state  of  coarse  powder,  with  some  friable 
lumps.  Buff  colored,  with  some  brown  specks  in  the  lumps. 
Found  by  going  three-quarters  of  a  mile  north  from  Waco,  then 
an  eighth  of  a  mile  east,  and  finally  an  eighth  of  a  mile  southr 
past  a  cabin. 
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Geological  position :    Irvine  bed.    Collected  by  A.  F.  Foerste, 
1904. 

Analysis;  sample  air-dried: 

Moisture     1.52    - 

Ignition  (combined  water  and  volatile  matter) 3.56 

Silica     81.54 

Alumina    9.36 

Ferric    oxide 1.17 

Lime    10 

Magnesia    39 

Potash    56 

Soda    29 

Titanium   dioxide 1.25 

Sulphur    trioxide None 


Total    99 . 74 

The  relatively  small  percentage  of  alumina  should  be  noted. 
The  point  of  incipient  fusion  of  this  clay  has  not  been  determ- 
ined. 

The  following  clay  was  analyzed  for  Mr.  Searcy.  It  does 
not  differ  conspicuously  from  the  stoneware  clays  previously 
cited.  It  probably  belongs  to  the  upper  part  of  the  Irvine  for- 
mation, as-  far  as  may  be  determined  from  the  analysis.  No 
careful  study  was  made  of  its  position  in  the  geological  scale. 

2616. — Alluvial  clay,  Waco,  Madison  county,  Ky. 

Geological  position :  Alluvial  clay.  One-fourth  mile  south 
of  Waco,  and  then  one  and  one-eighth  miles  east,  south  of  the 
i*oad,  on  Grinstead  farm.  Black  clay.  A.  F.  Foerste,  1904. 

Analysis  of  air-dried  sample : 

Moisture    1.72 

Ignition  (combined  water,  etc.) 6 . 38 

Silica    65 . 82 

Alumina    18 . 01 

Ferric    oxide 2.48 

Lime    22 

Magnesia    77 

Potash    2.91 

Soda 46 

Titanium   dioxide 1.25 

Sulphur    trioxide Trace 


Total  100.02 


I 
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The  next  analysis  gives  the  composition  of  the  ordinary  brick 
and  tiling  clay  used  by  the  Moberly  Brick  Company,  and  secured 
from  the  immediate  vicinity  of  the  plant,  west  of  Moberly  sta- 
tion. It  contains  a  much  larger  percentage  of  ferric  oxide  than 
any  clay  here  discussed,  and  evidently  would  not  be  useful  for 
any  other  purpose  than  that  for  which  it  now  is  employed.  It 
is  chiefly  an  alluvial  deposit. 

2617. — Clay,  Moberly,  Ky.,  Madison  county. 

Geological  position:  Irvine  formation.  Chiefly  alluvial. 
Used  for  brick  and  tile  at  the  Moberly  Brick  Co.  plant  at 
Moberly. 

Analysis,  air-dried : 

Moisture    1.98 

Ignition  (combined  water,  etc.) 4 . 20 


Silica    

74.36 

Alumina    

7  .  79 

Ferric    oxide  

G.78 

Lime    

14 

Magnesia    

53 

Potash     

1.59 

Soda    

49 

Titanium    dioxide  

1.25 

Sulphates  and  phosphates  

Traces 

Total     99 . 11 


The  Clay  Industries  of  Madison  County. 

Only  two  stoneware  potteries  at  present  are  in  operation, 
one  at  Waco,  and  the  other  at  Bybeetown,  or  Portwood. 

The  pottery  half  a  mile  east  of  Waco  is  known  as  the  D. 
Zittel  &  Son  pottery.  They  use  the  clay  from  the  George  Mc- 
Kinney  farm,  southeast  of  Waco.  The  clay  bed  varies  in  thick- 
ness from  four  to  seven  feet.  In  some  parts  of  the  pit  the  clay 
rests  upon  sand.  In  these  cases  it  is  considered  better  and  will 
stand  a  little  more  fire.  In  other  parts  of  the  pit  the  clay  rests 
upon  the  Black  shale,  and  then  is  believed  to  be  less  refractory. 
No  reason  for  this  difference  can  be  noticed  on  examining  the 
clay  in  the  pit. 

Albany  slip  clay  mixed  with  red  lead  and  manganese  is  used 
as  a  glaze.  The  materials  are  obtained  from  the  Bower  Pottery 
Company,  Louisville,  Ky. 
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The  articles  made  are  as  follows : 

Jugs  in  1  quart  and  i/o,  1,  2,  3,  4,  and  5  gallon  sizes. 

Jars  in  1  quart  and  y2,  1,  2,  3,  4,  5,  6,  8,  and  10  gallon  sizes. 

Fruit  jugs,  put  up  with  lid  so  that  they  can  be  sealed.  Used 
chiefly  for  keeping  sorghum.  Put  up  in  2,  3,  4,  and  5  gallon 
sizes. 

Fruit  jars,  with  lid,  in  1  quart  and  in  y2  and  1  gallon  sizes. 
Used  chiefly  for  fruit  jams. 

Pitchers,  in  1  quart  and  %,  1,  and  2  gallon  sizes. 

Churns,  in  2,  3,  4,  5,  and  6  gallon  size®.     Supplied  with  lid. 

Milk  pans,  in  1/4,  1,  and  2  gallon  sizes. 

Chambers,  in  i/>  and  1  gallon  sizes. 

Flower  pots,  in  2,  3,  4,  5,  6,  7,  8,  10,  12,  and  14  inch  sizes. 

The  following  analysis  indicates  the  chemical  composition 
of  the  Albany  slip  clay : 

Free  silica  or  sand 38.58 

Combined    silica 17 . 02 

Alumina    14 . 80 

Ferric    oxide 5.85 

Manganic    oxide 14 

Lime     5.70 

Magnesia    2.48 

Potash    3.23 

Soda    1.07 

Phosphoric    acid 15 

Water    5.18 

Moisture  and  carbonic  acid..  4.94 


Total    99 . 14 

This  clay  not  only  fuses  at  a  low  temperature,  but  also  pro- 
duces a  glaze  of  uniform  color,  and  one  which  does  not  crack. 
Its  fusibility  may  be  lowered  by  the  admixture  of  various  metal 
compounds^  as  indicated  in  the  following  recipe: 

Albany    slip    clay 63 . 30  to  70         parts. 

White    lead 25/30  to  17 

Flint     6.30  to     7 

Oxide  of  iron 72  to       .79       " 

Oxide  of  manganese .  56  to       .61       " 

Chromate   of  lead 1.27  to     1.40 

Chromate  of  iron 67  to       .73      " 

Oxide  of  zinc..  1.88  to     2.07 
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At  Bybeetown,  or  Portwood,  is  located  the  pottery  of  J.  E. 
Cornelison  &  Son.  The  clay  is  obtained  on  the  road  from  Waco 
to  Cobb  Ferry,  about  a  mile  and  a  half  east  of  the  junction  of 
this  road  with  t^he  road  from  Waco  to  Bybeetown.  The  pit  is 
located  northwest  of  the  road  corners,  at  which  the  road  across 
Falling  Brook  joins  the  road  from  Waco  to  Cobb  Ferry.  The 
thickness  of  the  clay  bed  in  the  clay  pit  averages  about  five 
feet.  The  clay  overlies  the  Black  shale.  The  clay  is  brought 
to  the  shop  and  put  in  a  ring  pit.  This  ring  pit  usually  con- 
sists of  a  circular  tub,  between  twenty-five  and  thirty  feet  in 
diameter,  three  feet  deep,  and  lined  with  boards.  In  this  re- 
volves an  iron  wheel  about  six  feet  in  diameter,  and  so  geared 
that  it  travels  from  the  center  of  the  tub  to  its  sides  and  then 
back  again  toward  the  center.  This  breaks  up  the  clay  thor- 
oughly and  tempers  the  clay  in  about  six  hours.  This  temper- 
ing is  called  pugging.  The  power  used  at  the  Bybeetown  pot- 
tery is  a  single  horse.  The  clay  is  taken  from  the  pug  tub  to 
the  cellar  and  there  kept  moist  for  further  use. 

The  objects  manufactured  are  chiefly  jars,  jugs  and  churns, 
in  the  following  sizes: 

Jars,  1  quart,  14,  1,  2,  3,  4,  5,  6,  8,  11  gallons. 
Jugs,  1  quart,  i/>,  1,  2,  3,  4,  5,  6,  8,  10  gallons. 
Churns,  2,  3,  4,  5,  6,  8  gallons. 

The  glaze  used  is  a  slip  clay  mixed  with  red  lead  and  man- 
ganese. This  is  all  stirred  together,  the  slip  clay  being  strained 
before  mixing.  The  pottery  is  dipped  into  the  mixture  and 
dried  before  going  to  the  kiln.  The  kiln  used  is  a  down-draft, 
kiln,  and  coal  is  used  as  a  fuel.  The  kiln  is  heated  up  slowly 
for  about  twenty-four  hours  and  then  raised  to  a  white  heat 
for  twenty-four  hours.  A  peep-hole  is  left  to  enable  tfee  oper- 
ator to  examine  the  interior  of  the  kiln,  and  the  state  of  firing  is 
determined  chiefly  by  the  color  of  the  ware,  although  test  pieces 
also  are  used.  Whenever  the  glaze  is  good  on  these  test  pieces 
the  burning  is  considered  sufficient.  Then  the  kiln  is  allowed 
to  cool  for  fifty  hours.  No  Seger  cones  are  used. 

In  addition  to  pottery,  4,  6,  and  8  inch  tiling  also  is  man- 
ufactured. 

At  Searcy  station,  about  a  mile  southeast  of  Moberly,  the 
Lexington  Tile  Eoof  Company  is  situated.  Here  the  Waco 
shingle  tile  is  manufactured. 
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The  chief  clay  used  for  this  purpose  is  obtained  directly 
north  of  the  factory.  At  the  pit  about  half  a  foot  of  soil  is 
:•  nipped  off  at  the  top,  and  the  underlying  clay  layer,  five  feet 
thick,  is  taken  out.  This  clay  rests  on  the  Black  shale.  For 
the  manufacture  of  drain  tile,  brick,  and  shingles,  the  clay  is 
dug,  removed  to  the  soak  pit,  and  left  over  night.  The  next, 
day  the  clay  is  shovelled  into  the  disintegrator,  where  any  stones 
present  in  the  clay  are  crushed  until  the  fragments  are  reduced 
to  a  diameter  of  one  sixteenth  of  an  inch  or  less.  From  the 
disintegrator  the  clay  is  carried  along  a  belt  to  the  tile  mill. 
Here  the  clay  is  pushed  out  of  the  tile  mill,  through  the  dies, 
where  the  proper  thickness  and  width  is  given  to  the  stream 
of  clay  which  issues  forth.  From  the  tile  mill  the  issuing  stream 
of  clay  is  carried  forward  by  the  machine  to  the  cut-off  table, 
where  the  clay,  which  already  has.  the  proper  width  and  thick- 
ness, is  cut  off  into  the  desired  lengths.  From  the  cut-off  table 
the  blanks  or  plates  of  clay,  the  future  shingles,  are  carried 
forward  and  picked  off  by  boys,  who  haul  them  to  the  shingle 
press. 

Up  to  this  point  the  manufacture  of  shingle  tiles  does  not 
differ  in  any  respect  from  the  manufacture  of  bricks  and  drain 
tiling  as  carried  on  at  the  same  factory,  except  that  in  each  case 
a  different  die  is  used  in  order  to  give  a  different  form  to  the 
stream  of  clay  issuing  from  the  die,  and  in  each  case  the  wires 
on  the  cut-off  table  are  set  at  different  points^  so  that  the  length 
appropriate  to  the  particular  object  to  be  manufactured  will  be 
cut  off.  For  the  manufacture  of  shingle  tiles  the  clay  is.  heaped 
up  usually  about  two  days,  moistened  and  covered  with  oil 
cloth,  before  it  is  run  through  the  disintegrator,  in  order  to 
become  evenly  moist. 

From  the  cut-off  table  the  clay  plates  are  taken  to  the  press, 
where  they  are  pressed  into  shingles..  In  this  machine  the  up- 
per die  is  stationary  and  there  are  three  lower  dies,  all  of  which 
are  movable,  only  one  die  being  used  at  a  time.  One  of  the  clay 
plates  is  inserted  into  the  machine  and  pressed.  The  lower 
die  with  the  pressed  shingle  on  it  is  then  lifted  up.  A  pallet 
or  small  board  slightly  larger  than  the  shingle  is  placed  on  the 
shingle.  Then  die,  shingle  and  pallet  together  are  turned  over 
and  the  die  lifted  off,  the  pressed  shingle  remaining  on  the  pal- 
let. In  the  meantime  another  clay  plate  has  been  inserted  in 
the  machine  and  pressed  into  the  shape  of  a  shingle,  and  is 
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ready  to  be  taken  out  and  placed  on  a  pallet.  The  shingles, 
still  resting  on  the  pallet,  are  carried  off  to  the  drying  shed. 
The  capacity  of  such  a  press  is  4,000  shingles  in  one  day  of 
ten  hours,  ten  men  being  employed  in  various  ways. 

The  shingles  are  allowed  to  dry  on  the  pallets  for  periods 
varying  from  two.  to  five  days,  depending  upon  the  weather. 
They  are  then  skinned  or  trimmed.  Trimming  consists  in  rub- 
bing off  the  rough  edges  of  the  clay  shingles  with  the  back  of 
a  coarse  knife.  Then  the  shingles  are  stacked  up  and  taken 
to  the  kiln.  Here  they  are  set  up  on  edge,  eight  shingles  in  each 
set,  with  fire-bricks  between  the  sets.  These  fire-bricks  are  a 
little  higher  than  the  shingles  and  so  take  the  weight  of  the 
upper  tiers  of  shingles,  from  the  tiers  stacked  up  below.  The 
fire-clay  used  is  secured  on  the  Adams  farm,  as  is  also,  some 
of  the  clay  which  enters  into  the  clay  mixture  used  for  the  man- 
ufacture of  the  shingles. 

The  kiln  used  is  a  down-draft  kiln.  The  shingles  are  heated 
for  twenty-four  hours,  the  fresh  steam  or  water-smoke  being- 
let  out  at  the  top.  No  great  heat  is  used  during  this  time, 
the  object  being  merely  to  drive  off  the  water  still  present  in 
the  shingles.  Then  the  heat  is  raised  gradually  for  forty-eight 
hours  until  the  shingles  become  white  hot.  Then  the  ovens 
are  closed  down,  firing  ceases,  the  fire-doors  are  cemented  shut 
with  clay,  and  for  three  days  the  kiln  is  allowed  to  cool  slowly. 
It  takes  a  day  and  a  half  to  empty  the  kiln  and  another  day 
and  a  half  to  fill  the  same  again. 

Three  men  can  fill  the  soak-pit  so  as  to  supply  enough  clay 
for  fifty  squares  per  day.  A  square  is  equivalent  to  100  square 
feet  of  roof  surface,  which  in  the  present  instance  requires  the 
use  of  260  shingles.  Fifty  squares,  therefore,  would  in  this 
case  be  equivalent  to  50  x  260  =  13,000  shingles.  Two  men  are 
needed  at  the  disintegrator.  One  man  is  needed  at  the  mill  and 
to  take  care  of  the  cut-off  table.  Two  men  serve  as  off-bearers, 
who  wheel  off  the  clay  plates  or  blanks  to  which  reference  has 
been  made  in  the  preceding  lines.  One  man  works  the  lever  at 
the  press,  one  feeds  the  press,  one  dumps  the  pressed  shingle 
onto  the  pallet,  and  one  man,  the  off-bearer,  hauls  the  shin- 
gles to  the  drying  room.  At  the  drying  room  one  man  is  kept 
busy  as  a  skinner  or  trimmer.  Two  off-bearers  are  needed 
to  fill  the  kiln,  and  one  man  sets  up  or  stacks  the  shingles  in 
the  kiln.  Two  men  are  kept  constantly  employed  in  firing  the 
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kiln,  one  serving  as  the  day  man,  the  other  as  the  night  man. 
The  men  tiring  the  kiln  are  paid  $1.50  per  day,  and  ail  others, 
are  paid  $1.00  per  day.  The  man  firing  the  kiln  for  this  wage 
is  given  the  higher  sum  of  money  because  he  is  regarded  as  an 
expert.  Similar  wages  are  given  for  similar  work  at  the  pot- 
teries already  mentioned. 

The  weight  of  a  square  of  shingles,  or  of  260  shingles  is 
about  650  pounds.  The  exposed  surface  of  the  shingles  is  9.5 
by  6  inches.  In  the  process  of  burning  the  clay  shrinks  five- 
eighths  of  an  inch  to  the  foot  and  allowance  must  be  made  for 
this  in  constructing  the  die.  No  Seger  cones  are  used  in  firing 
the  kiln,  the  temperature  being  determined  approximately  by 
looking  at  the  color  of  the  brick  through  peep-holes  left  for  this 
purpose  on  each  side  of  the  door  in  the  front  walls  of  the  kiln. 
Shingles  have  been  made  at  this  factory  for  about  two  years. 
One  of  the  churches  at  Irvine,  in  Estill  county,  is  covered  with 
this  roofing  tile.  The  shingles  seem  to  be  defective,  owing  to 
under-burning,  and  for  this  reason  the  use  of  Seger  cones  is 
recommended.  They  also  have  a  tendency  to  open  up  irregular 
cracks  on  burning,  and  hence  tests  as  to  the  proper  mixtures 
to  be  employed  should  be  made,  but  there  is  no  reason  why  event- 
ually, with  greater  experience,  the  manufacture  of  roofing  tiles 
should  not  prove  a  success. 

For  purposes  of  comparison  with  clays  from  other  localities, 
the  following  analyses  are  given.  The  clay  from  Vigo  county, 
Indiana,  was  used  formerly  for  roofing  tile,  but  cracked  in 
burning.  The  clay  from  Prospect  Hill,  in  St.  Louis  county, 
Missouri,  is  used  both  for  brick  and  for  roofing  tile.  The  clay 
(Ohemung  shale)  from  Alfred  Center,  in  Alleghany  county,  New 
York,  produces  an  exceptionally  good  quality  of  roofing  shingle. 


Indiana, 
Vigo  County 

Missouri. 
Prospect  Hill 

New  York, 
Alfred  Center 

Silica  

73.20 

60.70 

53.20 

Alumina    

13.38 

18.22 

23.25 

Ferric   oxide     

2.19 

7.58 

10.90 

Lime    

.97 

2.68 

1.01 

Magnesia   

1.01 

Trace 

.62 

Soda  and  potash     .       

3.67 

2.70 

• 

Since  roofing  tiles  or  shingles  are  to  be  used  in  order  to  shed 
water,  their  degree  of  porosity  or  permeability  to  water  is  of 
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the  highest  importance.  The  value  of  roofing  shingles  may  be 
tested  asi  follows :  Heat  the  shingle  to  be  tested  to  a  tempera- 
ture of  212  degrees  F.,  then  place  on  it  a  tin  tube  whose'  diam- 
eter is  five  inches  and  whose  height  is  eight  inches.  This  should 
be  fastened  to  the  tile  by  means  of  wax  applied  to  the  outside 
of  the  tube.  Fill  the  tube  with  water  up  to  a  level  of  four 
inches  above  the  tile,  and  keep  the  water  at  this  level  by  adding 
a  few  teaspoonfuls  at  a  time  until  drops  begin  to  appear  on  the 
under  side  of  the  tile  or  shingle.  If  these  drops  make  their  ap- 
pearance in  less  than  six  hours,  the  roofing  tile  should  be  re- 
jected. Tile  burned  to  a  higher  degree  of  vitrification  is,  of  . 
course,  more  impervious  to  water. 

In  addition  to  the  roofing  tile  or  shingle,  the  Lexington  Tile 
Roof  Company  manufactures  also  paving  brick,  eight  and  three 
quarters  of  an  inch  wide  and  long,  and  therefore  having  a  hy- 
potheneuse  or  diameter  from  corner  to  corner  of  one  foot.  The 
thickness  of  these  bricks  is  two  inches.  They  are  intended  for 
paths  in  gardens,  sidewalks  in  villages,  and  the  like.  They  are 
placed  with  their  greater  diameters  parallel  to  the  length  of  the 
walk,  and  the  gaps  thus  left  at  the  side  of  the  walk  are  filled  in 
with  half  bricks  which  have  a  triangular  shape,  fit  in  snugly, 
and  are  supplied  in  proper  quantity  with  every  order. 

In  addition  to  the  paving  brick,  drainage  tiling  and  common 
brick  are  manufactured.  Several  tests  of  different  clays  from 
the  Waco  area,  made  by  the  Boyd  Company,  of  Chicago,  at  the 
request  of  the  Lexington  Tile  Roof  Company,  have  demon- 
strated that  a  fine  grade  of  pressed  bricks  can  be  manufactured 
from  the  different  clays.  These  vary  in  color  from  a  very  light 
yellov  to  a  distinct  red.  By  a  mixture  of  clays  they  secured  a 
mottled  brick  giving  a  very  pleasing  effect.  It  is  evident  that 
the  possibilities  of  these  clays  have  by  no  means  been  ex- 
hausted. When  the  dams1  now  under  construction  along  the 
Kentucky  river  are  completed,  the  question  of  cheap  transpor- 
tation from  the  eastern  part  of  the  Waco  area  should  be  con- 
sidered solved. 

Directly  west  of  Moberly  station  is  the  plant  of  the  Moberly 
Tiling  Manufacturing  Company.  This  is  owned  chiefly  by  Wil- 
liam Tate.  The  clay  is  obtained  at  the  factory.  The  layer  is 
three  feet  thick  and  occurs  immediately  over  black  shale.  Three 
or  four  inches  of  soil  are  stripped  off  at  the  top.  They  use  the 
Little  Warder  press,  made  at  Frankfort,  Ind.,  by  the  Wallace 
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Manufacturing  Company.  This  turns  out  5,000  tiles  or  2,000 
bricks  per  day.  The  cut-off  table  used  is  the  Euring  automatic 
clay  cutter,  manufactured  by  the  I.  D.  Fate  Company,  at  Ply- 
mouth, O.  The  tile  truck  wagon  was  made  by  the  Arnold-Crea- 
ger  Company,  at  New  London,  O.  The  power  for  the  press  and 
cutter  is  supplied  by  a  30  horse-power  engine.  It  requires  more 
power  to  make  the  smaller  sizes  of  tiling,  four  to  six  inches  in 
diameter,  than  those  of  larger  sizes.  Labor  is  paid  at  the  rate 
of  $1.00  per  day,  or  10  cents  per  hour. 

THE  BEREA  COLLEGE  BRICK  COMPANY. 

The  brick-yard  run  by  Berea  College  for  its  own  use  and  for 
the  employment  of  some  of  the  college  students  is  situated  about 
a  mile  north  of  town.  The  clay  is  obtained  from  a  pit  situated 
northeast  of  the  brick-yard.  About  three  inches  of  soil  are  re- 
moved, and  the  underlying  clay  has  a  thickness  of  about  three 
and  a  half  or  four  feet.  It  overlies  Black  shale.  A  narrow  track 
with  cars  is  used  to  haul  the  clay  from  the  pit  to  the  plant, 
and  then,  by  means  of  a  cable  run  by  steam,  up  an  incline  to 
the  second  floor  of  the  building,  where  the  bricks  are  made. 
At  the  top  of  the  incline  the  clay  is  dumped  from  the  car  onto 
a  platform,  and  then  shovelled  into  the  disintegrator.  This 
consists  of  two  large  steel  rolls,  between  which  the  clay  passes. 
Any  pebbles  present  in  the  clay  are  ground  to  small  fragments. 
Water  is  added  to  the  clay  as  it  reaches  these  rolls  in  the  dis- 
integrator. From  the  disintegrator  the  clay  drops  into  the  pug 
mill.  Here  revolving  blades  mix  the  clay,  and  if  necessary  more 
water  is  added.  In  addition  to  mixing  the  clay,  the  blades  push 
the  clay  forward  into  the  brick  mill.  This  is  the  Grand  Auto- 
matic Brick  Maker,  manufactured  by  Jonathan  Creagers'  Sons 
Company,  at  Cincinnati,  O. 

The  blades  in  the  brick  mill  push  the  clay  down  into  the 
arms  of  the  brick  mill,  and  these  arms  push  the  clay  sidewise 
under  the  press.  Here  the  press  pushes  the  clay  into  the  mold. 
Nine  molds  are  used  when  the  machine  is  in  operation.  Six 
bricks  are  made  at  a  time  in  each  mold.  In  front  of  the  machine 
one  man  receives  the  mold  and  bumps  it  to  the  right  and  left 
so  as  to  loosen  the  clay  brick  in  the  mold.  Another  man  picks 
up  the  mold  and  places  it  on  the  turn-table,  which  is  a  sort  of 
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revolving  wheel.  The  open  side  of  the  mold  is  placed  against 
a  pallet  board  and  the  mold  is  dumped,  leaving  the  brick  on 
the  pallet  board.  Then  the  mold  is  put  in  the  sander.  The 
sander  in  use  i^  made  by  the  Wellington  Machine  Company,  at 
Wellington,  O.  In  the  sauder  the  mold  is  pushed  through  the 
sand,  and  on  the  other  side  another  man  picks  up  the  mold 
and  places  it  once  more  in  the  machine.  In  the  meantime  the 
other  molds  have  been  in  use.  The  sand  is  shipped  here  from 
Cincinnati. 

Nine  pallet  boards,  with  six  bricks  on  each,  are  loaded  on 
a  truck  and  then  are  wheeled  to  the  racks.  Here  they  are  taken 
off  by  a  man  and  are  put  on  the  racks  to  dry.  Between  six  to 
nine  days  are  necessary  for  this  purpose.  The  racks  at  the 
pallet  yard  have  a  capacity  of  120,000  bricks.  From  the  pallet 
yard  the  bricks  are  taken  to  the  kiln.  Three  kilns  are  in  use, 
one  up-draft  Morrison  clamp  kiln  and  two  common  up-draft 
kilns.  The  capacity  of  these  kilns  is  225,000,  200,000  and  200,- 
000  bricks.  The  bricks  are  first  fired  for  about  four  or  five  days 
to  drive  off  the  steam,  usually  called  water  smoke.  After  this 
has  been  driven  off,  the  escape  of  the  heat  is  cut  off,  the  fires 
are  increased,  and  in  three  or  four  days  the  brick  comes  to  a  red 
heat,  and  to  a  white  heat  in  three  and  a  half  or  four  days  addi- 
tional. After  this,  all  access  of  air  is  cut  off,  and  it  requires 
eight  days  for  the  kiln  to  cool. 

The  capacity  of  the  yard  when  worked  to  its  fullest  exfent 
is  2,000,000  bricks  a  year.  It  has  been  in  operation  about  four 
years.  The  machinery  for  tile-making  has  been  secured.  Prof. 
S.  C.  Mason,  at  Berea,  the  Professor  of  Agriculture  and  Geol- 
ogy, is  especially  interested  in  this  plant.  Aside  from  its  use- 
fulness to  the  college,  it  is  of  great  service  to  the  students,  who 
here  get  a  practical  knowledge  of  brick-making, '  which,  with 
modifications,  they  can  directly  apply  in  the  mountain  districts 
from  which  so  many  come,  doing  by  hand,  of  course,  many  of 
the  things  which  here  are  made  by  machinery. 
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Water  Horizons. 

The  Devonian  limestone  is  one  of  the  chief  water-bearing 
strata  of  east  central  Kentucky.  Numerous  fine  springs  issue 
from  its  horizon,  and  some  of  these  have  a  wide  reputation.  One 
of  these  is  the  Buffalo  spring,  a  quarter  of  a  mile  west  of  Stan- 
ford, along  the  pike  to  Hustonville.  Another  is  situated  about 
three  and  a  half  miles  west  of  Crab  Orchard,  along  the  county 
road  running  east  and  west  about  a  mile  south  of  the  railroad, 
east  of  the  home  of  George  Boone.  Another  spring  is  located 
about  three  miles  southwest  of  Crab  Orchard,  near  the  head- 
waters of  Cedar  creek,  north  of  the  road  leading  to  Chapel  Gap 
(locality  1TCO-NE).  The  Moore  spring,  a  mile  and  a  third 
northeast  of  Waco,  near  the  home  of  Tom  Curtis,  is  one  of  the 
best  known  in  that  area.  The  Spout  spring,  four  miles  south- 
west of  Clay  City,  is  known  for  many  miles.  The  spring  south- 
east of  the  Oil  springs  hotel,  about  a  mile  northeast  of  Indian 
Fields,  issues  from  the  same  horizon.  These  are  only  a  few  of 
many  springs  which  could  be  mentioned,  and  which,  collectively, 
demonstrate  that  the  Devonian  limestone  is  an  important  water- 
bearing stratum.  This  importance  it  does  not  owe  to  its  thick- 
ness, since  the  Devonian  limestone  in  most  of  this  region  does 
not  exceed  eighteen  feet,  and  at  many  localities  springs  issue 
from  this  limestone  where  its  thickness  is  less  than  six  feet. 
But  the  overlying  Devonian  black  shales  are  so  abundantly 
traversed,  at  many  localities,  by  minute  cracks,  that  the  ground 
waters  percolating  through  their  mass  are  enabled  to  reach  the 
Tjvonian  limestone  horizon  in  sufficient  quantities  to  feed  nu- 
merous springs. 

Over  by  far  the  greater  part  of  east-central  Kentucky,  the 
Devonian  limestones  are  underlaid  by  considerable  quantities 
of  Silurian  clays,  the  most  important  of  which  belong  to  the 
Alger  formation,  but  the  Plum  creek  clay  also  is  of  importance. 
These  clays  soften  up  readily  in  the  presence  of  abundant  ground 
waters,  and  form  a  rather  impermeable  mass,  arresting  furth  jr 
downward  progress.  The  slowly  percolating  ground  waters  ac- 
cumulate above  the  Silurian  clays,  until  they  find  an  exit  later- 
ally as  springs.  The  permeability  of  the  Devonian  limestones, 
no  doubt,  greatly  assisjts  in  the  ready  egress  of  this  water.  More- 
over, the  numerous  joints  and  vertical  cracks,  gradually  widen- 
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ing  under  the  influence  of  the  slightly  carbonaceous  waters,  usu- 
ally provide  channels  for  the  ready  exit  of  springs.  The  chief 
service  of  the  Devonian  limestone  is  the  providing  of  a  reservoir 
for  the  accumulation  of  the  downward  percolating  ground  water, 
and  the  providing  of  channels  for  its  ready  outflow. 

These  springs,  at  the  horizon  of  the  Devonian  limestone, 
are  most  numerous  where  the  overlying  Black  slates  are  not 
deeply  covered  by  the  soft  Linietta  clays,  forming  the  base  of 
the  Waverly  series.  The  latter  act  as  a  barrier,  retarding  the 
ready  downward  passage  of  percolating  ground  waters,  thus 
preventing  easy  access  to  the  Black  shales  and  Devonian  lime- 
tone  beneath.  The  base  of  the  Waverly  series,  therefore,  is  not 
a  good  water-bearing  horizon  in  east  central  Kentucky. 

For  a  somewhat  similar  reason,  the  Clinton,  or  B'rassfield, 
limestone  is  not  a  reliable  water-bearing  horizon  in  this  part 
of  the  State.  AVhere  it  is  thickly  covered  by  the  Plum  creek, 
and  especially  by  the  Alger  clays,  the  ground  waters  are  held 
back  and  do  not  accumulate  readily  at  this  horizon.  Although 
many  springs  issue  at  this  horizon,  they  usually  are  of  mod- 
erate size,  and  they  often  go  dry  in  summer.  This  does  »ot 
suggest  the  presence  of  important  accumulations  of  water  with- 
in the  ground,  at  this  horizon,  and  very  little  hope  may  be 
offered  to  those  who  may  desire  to  secure  a  permanent  and 
abundant  Avater  supply  at  this  horizon  in  this  part -of  the  State, 
while  the  likelihood  of  striking  an  abundance  of  good  wrater  is 
much  greater  at  the  level  of  the  Devonian  limestones. 

The  Richmond  formation,  in  by  far  the  greater  part  of  east 
central  Kentucky,  is  an  argillaceous  deposit,  often  clayey  at 
the  top,  with  comparatively  little  limestone  at  any  level,  though 
often  containing  layers  of  indurated  argillaceous  rocks.  As  a 
matter  of  fact,  few  springs  issue  from  Richmond  strata  in  this 
part  of  the  State.  More  frequently,  the  areas  of  outcrop  of 
Richmond  strata  are  marked  by  comparatively  barren  or  bald 
spots,  giving  rise  to  such  names  as  "Bald  Hills.''  These  names 
indicate1  that  the  Richmond  is  not  a  great  water-bearing  horizon, 
and  that  wells  reaching  theu  Richmond  strata,  without  having 
found  water,  must  be  continued  for  at  least  200  feet  before  the 
chances  for  a  reliable  water  supply  become  much  better. 

The  upper  horizons  of  the  Maysville  division  of  the  Cincin- 
natian  series  of  rocks,  on  the  contrary,  contain  much  limestone, 
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traversed  by  numerous  crevices,  and  probably  fairly  permeable 
even  where  not  cracked.  At  tills  horizon  springs  become  numer- 
ous ati'ain,  and  the  great  thickness  of  the  Mavsville  division  af- 
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fords  the  opportunity  for  many  springs,  at  numerous  localities, 
and  at  very  different  elevations. 

There  are  no  porous  sandstones,  in  that  part  of  east  central 
Kentucky  here  under  investigation,  within  reach  of  the  well 
driller,  and  therefore  this,  the  best  medium,  for  the  accumula- 
tion of  ground  waters,  is  absent.  But  in  the  absence  of  sand- 
stones, the  Devonian  limestone  is  a  valuable  water-bearing  strat- 
um, and  the  Maysville  limestones  offer  even  a  greater  supply, 
while  the  Clinton,  or  Brassfleld,  limestone  is  uncertain,  and 
the  Silurian  clays  and  the  Richmond  argillaceous  strata  offer 
no  prospect* 

Springs  frequently  issue  from  the  Black  shales,  and  some 
of  these  offer  water  which  is  very  palatable,  but,  as  has  already 
been  shown  in  that  part  of  the  report  which  deals  on  mineral 
springs,  in  the  presence  of  iron  sulphide,  chemical  reactions 
often  take  place  which  impregnate  the  Avaters  with  various 
kinds  of  salts,  which  may  be  very  valuable  for  medicinal  pur- 
poses, but  which  can  hardly  be  recommended  as  parts  of  a 
steady  diet,  The  quantity  of  these  salts  in  solution  depends, 
in  part,  considerably  upon  the  rate  of  outflow.  Where  the 
streams  issuing  at  the  springs  are  at  all  rapid,  .the  quantity 
of  salt  in  solution  usually  is  small.  Where  the  rate  of  outflow 
is  small,  the  quantity  of  material  in  solution  often  is  great. 
It  is  evident  that  the  rate  at  which  the  chemical  changes  pro- 
ducing these  salts  is  taking  place  is  too  small  to  permit  of  the 
abundant  impregnation  of  considerable  quantities  of  ground 
water.  Where  the  ground  waters  flow  rapidly,  the  streams  at 
their  exits  from  the  springs  are  relatively  free  from  salts,  at 
least  in  the  great  majority  of  cases. 

The  slow  rate  of  percolation  of  ground  waters  through  the 
Silurian  clays  readly  accounts  for  the  frequency  with  which 
wells  sunk  into  these  clays  become  impregnated  with  salts.  In 
fact>  in  former  days,  these  wells  were  sunk  in  the  Alger  clays 
for  the  express  purpose  of  securing  the  brines  for  the  manu- 
facture of  the  Crab  Orchard  salts.  Of  course,  natural  evapora- 
tion was  utilized  to  intensify  the  salinity  of  these  brines,  but 
the  frequency  with  which  the  term  "lick"  is  used  in  this  part 
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of  Kentucky  demonstrates  the  fact  that  Nature  herself  furnished 
many  natural  brines  at  some  localities. 


Oil  Horizons. 

The  same  conditions  which  tended  to  make  the  Devonian 
limestone,  in  many  parts  of  east  central  Kentucky,  a  great 
water-bearing  stratum,  have  locally  favored  its  acting  as  a  res- 
ervoir for  oil.  Oil  is  lighter  than  water  and  tends  to  rise.  Any 
oil  which  once  reaches  the  level  of  the  Devonian  limestone  is 
likely  to  be  held  back  by  the  Linietta  clay,  at  the  base  of  the 
Waverly,  if  not  by  the  Black  shale,  immediately  overlying  the 
Devonian  limestone.  At  some  localities  in  the  northeastern 
part  of  the  area  here  under  investigation,  this  service  would 
be  performed  very  well  also  by  the  mass  of  greenish  clays 
(Olentangy  shale  ?),  often  six  to  eight  feet  thick,  immediately 
underlying  the  Black  shales.  Here,  again,  the  Devonian  lime- 
stone, on  account  of  its  porosity  acts  as  a  reservoir.  In  quarry- 
ing this  rock,  cavities  with  small  quantities  of  crude  petroleum 
are  not  infrequent. 

The  source  of  this  petroleum  is  a  subject  of  considerable 
interest  to  the  speculative  geologist.  The  Devonian  Black 
shales  are  known  to  be  bituminous.  In  early  days,  oil  was 
distilled  from  them,  and  when  thrown  into  the  fire,  they  under- 
go a  !sort  of  slow  combustion,  which,  frequently,  has  led  the  ob- 
server to  believe  that  a  little  further  judicious  search  would  lead 
to  the  discovery  of  a  new  coal  field.  When  those  Devonian  shales 
are  tilted,  the  more  liquid  bituminous  material  might  slowly  rise 
toward  the  crest  of  the  incline,  and,  if  held  back  by  suitable  im- 
pervious la}Ters,  might  accumulate  there.  A  considerable  ac- 
cumulation of  oil,  in  that  case,  would  not  mean  that  the  Black 
shales  in  general  were  heavily  charged  with  oil,  but  that  oil  has 
gradually  collected  from  over  a  very  wide  territory  into  some 
narrow  space  or  pocket.  This  region  of  collection  would  be 
most  pronounced  along  the  most  porous  strata,  where  suitably 
covered  by  impervious  layers. 

It  is  the  common  opinion  of  geologists,  however,  that  the 
general  distribution  of  oil  in  the  earth  does  not  warrant  the 
belief  that  all  accumulations  of  oil  have  originated  from  such 
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obvious  sources  as  bituminous  shales  and  coals,  owing  their 
bitumen  to  natural  chemical  changes  of  the  remains  of  plant 
life,  formerly  inclosed  within  them.  Some  have  sought  for 
the  origin  of  cil  in  the  chemical  changes  resulting  from  tihe 
decay  of  animal  life,  while,  recently,  it  has  been  suggested  that 
considerable  quantities  of  oil  may  have  had  an  entirely  inor- 
ganic origin.  The  opinion  is  gaining  ground,  from  the  enor- 
mous quantities  of  carbon  dioxide  given  off  from  volcanic  vents, 
that  various  metals  known  near  the  surface  of  the  earth  chiefly 
as  oxides  and  sulphides,  might  occur,  deep  within  the  interior 
of  the  earth,  as  carbides,  and  later  supply  the  carbon  for  min- 
eral oils. 

Whatever  the  truth  may  be,  the  thick  mass  of  Silurian  clays 
should  be  an  effective  barrier  to  the  rise  of  oils  from  greater 
depths,  and,  in  that  case,  the  presence  of  considerable  quanti- 
ties of  oil  in  the  Devonian  limestones  should  be  due  to  local, 
rather  than  to  general,  conditions.  Evidently,  faults,  if  of  suffi- 
cient throw,  might  occasionally  enable  oils  to  ascend  through 
strata  ordinarily  impervious. 

Oils  are  found  in  the  Devonian  limestones  in  the  Ragland 
field,  in  the  southeastern  part  of  Bath  county,  and  in  the  area 
east  of  Irvine,  in  Estill  county.  Gas  is  found  at  the  same  hori- 
zon in  Menefee  county.  (The  Oil  and  Gas  Sands  of  Kentucky, 
by  J.  B.  Hoeing,  Bulletin  No.  1,  Kentucky  Geological  Survey.) 
It  is  probable  that  the  oil  and  gas  struck  at  the  Caney  creek 
well,  in  Morgan  county,  came  from  approximately  the  same 
horizon ;  not  necessarily  the  Devonian  limestone,  but  from  lime- 
stone immediately  beneath  the  Devonian  Black  shale  and  above 
the  great  mass  of  Silurian  clays.*  If  the  very  black  shale  at 
the  depth  of  1,028  to  1,035  feet  is  the  Sunbury  shale,  then  the 
combined  thicknesses  of  the  underlying  Berea  grit  and  Bedford 
shale  should  greatly  exceed  fifty-two  feet,  so  that  the  estimate 
of  283  feet  for  the  Black  shale  must  include,  at  the  top,  a  con- 
siderable quantity  of  the  Linietta  shale,  at  the  base  of  the 
Waverly,  corresponding,  approximately,  to  the  Bedford  shale 
of  Ohio.  The  soft  blue  shale  immediately  beneath  the  Black 
shale  section,  to  which  a  thickness  of  thirty  feet  is  assigned  in 
the  section,  may  correspond  to  the  clay  at  the  base  of  this  Black 
shale  in  Bath  county,  possibly  corresponding  to  the  Olentangy 


*See  foot  note  on  following  page.— C.  J.  N. 
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shale  of  Ohio.  At  any  rate,  observations  farther  west  suggest 
an  increase,  rather  than  a  decrease,  in  the  thickness  of  the  Si- 
lurian clay  section  toward  Morgan  county,  and  these  clays, 
therefore,  ar£  more  likely  to  be  150  feet  than  thirty  feet  thick 
in  Morgan  county.  If  that  be  the  case,  the  sandy  limestone  of 
the  Caney  creek  well,  in  which  oil  and  gas  were  found,  may 
represent  the  limestones  immediately  beneath  the  Devonian 
Black  shale  in  Lewis  county.  This  would  place  their  elevation 
among  the  Silurian  limestones  above  the  great  mass  of  Silurian 
clays,  rather  than  below,  in  the  Clinton.  This  attempt  to  un- 
ravel the  geology  of  a  district  from  imperfect  well  records  is 
largely  guess  work,  but>  whatever  the  truth  may  be  in  the  case 
of  the  well  in  Morgan  county,  it  is  certain  that  elsewhere  in 
that  part  of  east  central  Kentucky  here  under  investigation,  the 
Clinton  or  Brassfield  bed  is  not  a  source  of  oil  or  gas  in  com- 
mercial quantities,  although  little  cavities,  one  or  two  inches 
in  diameter,  filled  with  black  oil,  are  common  at  many  localities, 
especially  near  the  top  of  the  Brassfleld  limestone,  and  in  the 
\Vhitfieldella  laver.* 


*It  is  understood  that  Professor  Foerste's  remarks  on  oil  and  gas  horizons 
are  only  tentative,  and  that  they  refer  only  to  such  observations  as  he  had 
opportunity  to  make  in  the  area  traversed  by  him.  As  stated  by  him,  the 
Silurian  clays  should  act  as  a  barrier  to  the  upward  passage  of  oils,  but, 
of  course,  they  can  so  act  only  when  they  are  present,  and  over  a  larg'e  part 
of  Eastern  Kentucky  they  are  entirely  absent.  It  is  not  only  in  the  Ragland 
field,  and  in  the  area  east  of  Irvine,  that  oil  is  found  in  the  Devonian  limestone. 
Oil  or  gas  is  found,  in  larger  or  smaller  quantities,  in  the  Devonian  (Corniferous) 
limestone  wherever  the  latter  is  drilled  through,  unless  the  drilling  is  done 
far  enough  down  a  slope  for  salt  water  to  occupy  the  horizon.  The  limestone 
Is  very  often  petroliferous  on  outcrop.  It  is  important  that  there  shall  be  no 
misunderstanding  on  this  point,  and  that  conclusions  presented  "in  the  bulletin 
on  oil  and  gas  horizons  shall  not  be  discredited  without  ample  evidence  to 
support  the  criticism.  The  questions  raised  by  Professor  Foerste  were,  there- 
fore, submitted  to  Mr.  J.  B.  Hoeing,  whose  extended  observations  made  in  the 
especial  study  of  our  oil  and  gas  horizons  (fortified  by  a  very  large  mass  of 
data  gathered  before  and  since  the  publication  of  his  Bulletin  on  Oil  and  Gas 
Sands  of  Kentucky),  together  with  his  intimate  association  with  the  drilling 
of  the  Caney  creek  well,  in  Morgan  county,  referred  to  by  Professor  Foerste, 
place  him  in  a  favorable  position  to  discuss  the  subject.  Mr.  Hoeing  says: 
"In  the  Caney  creek  well  the  Corniferous  was  struck  in  its  proper  place  at 
the  base  of  the  Black  Sliale,  and  the  Clinton  was  struck  under  the  light  shale. 
This  was  the  case  not  only  in  that  well,  but  in  adjoining  wells.  Both  forma- 
tions 'gave  oil  and  gas.  Both  give  more  or  less  oil  or  gas  wherever  struck  in 
Eastern  Kentucky,  and  both  have  been  drilled  through  repeatedly  and  in  the 
same  wells.  They  are  decidedly  different  in  all  their  characteristics,  and  are 
easily  recognized.  The  formation  called  Clinton  in  the  Caney  creek  well  is 
not  above  the  Silurian  clays;  the  drill  does  not  show  the  latter  below  this 
"Clinton"  in  the  Caney  creek  or  in  any  of  the  numerous  deep  wells  drilled  in 
the  several  adjoining  counties  of  that  section,  but,  on  the  contrary,  always 
shows  the  light  blue  shales  just  above,  as  in  the  Caney  creek  well.  These 
light  blue  shales  are  not  the  shale  at  the  base  of  the  Black  Shale,  which  Pro- 
fessor Foerste  identifies  as  Olentangy.  They  are  entirely  different  from  it 
In  character,  are  always  separated  from  it  by  the  Corniferous  limestone,  and 
the  two  different  shales  (Olentangy  and  Niagara  or  Silurian)  have  repeatedly 
been  drilled  through  in  the  same  well,  and  in  the  order  and  position  as  indicated 
above.  No  observations  could  be  made  on  the  thickness  of  the  Silurian  shale 
to  the  southeast,  except  in  drilled  wells,  from  the  fact  that  it  is  everywhere 
under  cover.  Records  of  wells  from  the  Ohio  river  clear  around  to  Powell 
county,  and  east  to  the  Big  Sandy  river,  in  connection  with  its  outcrops  and 
exposures  on  the  eastern  edge,  all  show  (as  mentioned  in  the  Oil  Bulletin)  that 
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CLINTON  OUTLIER  ON  Axis  OF  CINCINNATI  GEANTICLINE. 

The  thickness  of  the  Clinton  or  Brassfield  limestone  on  the 
eastern  side  of  the  Cincinnati  geanticline,  between  Stanford 
and  Crab  Orchard,  varies  between  11  and  14  feet.  On  the 
western  side,  between  Kaywick  and  New  Hope,  it  Varies  be- 
tween 14  and  17  feet.  Recently  an  outlier  of  this  limestone, 
14Vo  feet  thick,  was  discovered  about  half  way  between  the 
nearest  outcrops  hitherto  known,  east  and  west  of  the  crest 
of  the  geanticline.  It  is  "located  on  Scrub  Grass  creek,  a  short 
distance  beyond  the  home  of  Jim  Jackson  Edwards,  about 
three  miles  southwest  of  Mitchellsburg.  Overlying  it  is  a  layer 
of  limestone,  1  foot  thick,  containing  the  large  crinoid  beads, 
~\Yh\ifiel(h'll(i  and  Ktricldandlnia  triplesiand.  The  Devonian 
limestone  is  21/2  feet  thick.  Opposite  the  home  of  J.  J.  Edwards 
it  is  5^2  feet  thick,  and  the  base  is  conglomeritic.  This  is  the 


this  shale  thickens  rapidly  from  its  western  and  southern  outcrops  in  Clark  and 
Powell  to  a  deep  trough  of  the  shales  in  Bath,  Menefee,  Fleming.  Mason,  etc.,  and 
then  thins  again,  still  more  rapidly,  to  the  east  and  southeast  and  disappears 
entirely  in  all  records  before  reaching  the  Big  Sandy,  on  the  east,  and  is  quite 
thin  to  the  southeast.  The  shales  are  not  150  feet  in  Morgan  county  (as 
Professor  Foerste  supposes);  they  have  been  drilled  through  repeatedly  and 
shown  to  be  from  30  to  40  feet  thick.  All  evidence,  obtained  from  a  'great 
number  of  wells,  in  addition  to  that  on  Caney  creek,  goes  to  show  that  the 
divisions  ifi  the  Caney  creek  well  record  are  correct.  It  should  be  borne  in 
mind  that  the  record  of  this  well  is  not  an  imperfect  one,  but  that  a  com- 
petent geologist  examined  each  sample  as  it  was  bailed  out  of  the  well.  The 
existence  of  the  Berea  or  Sunbury  shale  in  the  Caney  creek  well  is  doubted  by 
Professor  Foerste,  because  he  considers  the  interval  as  given  between  that  and 
the  Black  Shale  too  small,  ajid  he  assumes  that  the  Linietta  has  been  included 
with  the  Black  Shale.  The  fact  that  the  interval  is  less  than  it  is  elsewhere 
does  not  warrant  such  assumption,  especially  in  this  case,  since  all  of  the 
series,  from  the  Berea  shale  down  through  the  Berea  grit,  the  Devonian  shales 
and  limestones,  and  the  Niagara  shales,  are  thinning  rapidly  from  their  ex- 
posures on  the  Ohio  river  south  to  the  locality  in  questio,n.  The  Berea  shale 
and  the  underlying  Berea  grit  have  been  followed  from  their  outcrops  on  the 
Ohio  river,  in  Lewis  county,  by  outcrops  and  well  records  to  the  south  and 
found  to  be  thinning  rapidly  in  that  direction,  but  undoubtedly  prese.nt  over 
all  that  area.  As  to  the  Linietta  or  Bedford  shale,  it  was  repeatedly  identified 
in  the  Oil  Bulletin,  and  it  is  sh'own,  in  its  thinned  down  section,  i.n  the  Caney 
creek  well  as  black  shale  directly  above  the  Devonian  Black  Shale.  This 
(Bedford)  shale  is  readily  recognized  and  differentiated  from  the  Devonian  Black 
Shale  either  in  outcrop  or  in  well  records.  The  thinning  down  of  the  Devonian 
is  well  marked,  and  the  outline  of  the  edge  of  the  limestone  is  approximately 
drawn,  on  one  of  the  maps  accompanying  the  Oil  Bulletin.  In  the  Caney  creek 
section,  wells  on  the  north  side  of  the  anticline  'get  a  few  feet  of  Corniferous 
limestone,  while  wells  on  the  south  side  get  none;  both  sides,  however,  show 
Niagara  shales  in  place.  The  Clinton,  as  already  stated,  is  oil  and  gas  bearing 
over  a  large  area.  It  has  never  proved,  anywhere  that  I  know  of,  as  prolific 
as  the  Corniferous,  but  this  does  not  eliminate  the  possibility  of  accumulations 
in  the  Clinton  on  a  commercial  scale,  especially  in  places  where  structure  is 
favorable  and  the  Corniferous  is  cut  out.  The  conclusions  arrived  at  and  the 
divisions  drawn  in  the  Oil  Bulletin,  while  not  claimed  in  all  cases  to  be  abso- 
lutely correct,  are  based,  not  o.n  one  well  record,  but  on  a  careful  study  of  a 
great  many  records,  together  with  the  outcrops  of  the  rocks  themselves  and 
of  actual  samples  taken  from  well  drillings;  they  are  believed  to  be  in  the 
main  correct."  It  may  be  remarked  that  large,  solid  samples  of  limestone 
identified  respectively  as  Clinton  and  as  Corniferous,  which  have  been  obtained 
from  some  of  the  oil  wells,  are  very  different  in  appeara.nce;  the  oil  cavities 
are  quite  unlike,  and  the  rocks  differ  in  other  important  respects. — C.  J.  N. 
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locality  mentioned  by  Linney  on  page  37  of  his  Report  on 
Nelson  County.  There  is  a  strong  unconformity  between  the 
Clinton  and  Devonian  limestone.  This  outlier  is  interesting 
in  showing  a  probable  transgression  of  the  Clinton,  at  least  in 
Central  Kentucky,  across  the  area  now  occupied  by  the  axis 
of  the  Cincinnati  geanticline. 
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List  of  Fossils  Described  on  the  Following  PageSc 


Plate.  Page. 

Meekopora    bassleri 6     297 

Favosites    gothlandica 2     298 

Favosites    hisingeri-aplata 2,4 299 

Favosites    declinata 2,  4 300 

Syringolites    huronensis 2,  4 301 

HelTolites  spongiosa    3,  4,  5 303 

Heiiolites  sp 3     304 

Heliolites  subtubulata-distans     3     305 

Heiiolites  subtubulata-nucella    3     305 

Lyellia    eminula 3,  4 306 

Zaphrentis  intertexta    7     307 

Zaphrentis  intertexta-irvmensis    7     309 

Zaphrentis  intertexta-juvenis    7     309 

Zaphrentis  charaxata    7     310 

Lindstroemia   lingulifera 5     311 

Polyrophe    radicula 5     313 

Cyathophyllum    densiseptatum 6     314 

Cyathophyllum    sedentarium ,     6     315 

Chonophyllum    solitarium 7     317 

Arachnophyllum    granulosum 3     318 

Arachnophyllum    mamillare-distans 3     319 

Cystipliyllum    spinulosum 5     321 

Calostylis    spongiosa 7,  8 322 

Pentamerus    oblongus 1     323 

Stricklandinia    norwoodi 1     324 

Wliitfieldella   subquadrata 1     326 

Whitfieldella   quadrangularis 1     327 

Chbuetes    vetusta 327 

Iscchilina    panolensis 328 

Beyrichia    lata-triplicata 329 


The  species  here  described  include  only  a  few  of  the  more 
characteristic  forms  which,  on  account  of  their  wide  distribu- 
tion in  the  field  under  investigation,  will  serve  to  distinguish 
the  more  important  horizons.  A  fuller  account  of  the  faum 
must  await  a  future  time. 
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Characteristic    Fossils    of    the    Silurian    Formations  of 
East  Central  Kentucky. 

CHIEFLY  FROM  THE  WACO  LIMESTONE  HORIZON. 


MEEKOPORA  BASSLERI,  N.  SP. 

Plate  6.  figs.  1A,  IB. 

Maximum  size  of  zoarium  unknown,  but  the  largest  frag- 
ments indicate  a  length  of  at  least  150  millimeters.  Zoarium 
forming  thin,  flat,  branching  expansions.  The  thickness  of  the 
zoarium  varies  between  half  a  millimeter  and  fully  two  and 
a  half  millimeters.  The  width  of  by  far  the  greater  number 
of  lobes  or  branches  varies  between  10  and  15  millimeters, 
occasionally  reaching  22  millimeters  at  the  points  of  branching. 
Zoarium  bifoliate,  celluliferous  on  both  sides,  with  rather  broad 
noncelluliferous  margins.  Apertures  circular,  elliptical,  or, 
more  commonly,  oblique  and  more  nearly  Y-shaped,  with  the 
peristome  much  elevated  on  the  posterior  or  postero-lateral 
sides,  where  the  elevation  forms  a  regular  lunarium,  pointed 
distally.  Apertures  arranged  more  or  less  regularly  in  quin- 
cuucial  order,  about  9  or  10  in  a  width  of  5  millimeters,  meas- 
uring along  one  of  the  oblique  rows,  and  8  in  the  same  dis- 
tance measuring  longitudinally.  Maculae  occur  at  intervals 
of  about  5  millimeters;  they  are  rather  inconspicuous  to  the 
unassisted  eye,  but  under  a  hand  lens  they  appear  as  well-marked 
solid  spots,  1  to  2  millimeters  in  diameter,  from  which  the  aper- 
tures radiate.  In  one  of  the  specimens  figured  the  branches 
vary  considerably  in  width.  In  smaller  fragments  the  branches 
retain  approximately  the  same  width  for  lengths  of  30  milli- 
meters. The  larger  specimen  figured  merely  happens  to  be  one 
in  which  branching  occurs  at  shorter  intervals  than  usual. 
Zooecia  tubular.  Apertures  oblique;  opening  directed  chiefly 
distally  or  toward  the  median  part  of  the  frond;  occasionally 
two  or  three  of  the  apertures  along  the  posterior  border  of  the 
maculae  are  directed  obliquely  backward.  Occasionally  the 
peristome  rises  around  the  aperture  on  all  sides,  forming  a 
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small  rounded  elevation  with  a  tiny  apical  opening.     Ovicells 
not  recognized. 

Locality  and  position :  The  specimens  figured  were  found 
north  of  Estill  springs,  north  of  Irvine,  Kentucky;  they  occur 
also  east  of  Panola;  half  a  mile  east  of  Waco;  a  quarter  of  a 
mile  south  of  Indian  Fields;  a  mile  southeast  of  Indian  Fields, 
where  the  road  from  Kiddville  joins  the  road  from  Indian  Fields 
to  Clay  City;  at  Tipton  Ferry,  and  at  numerous  other  locali- 
ties. It  is  the  most  characteristic  fossil  of  the  Waco  limestone 
horizon,  and  I  take  great  pleasure  in  naming  it  after  Mr.  Ray 
S.  Bassler,  as  a  slight  acknowledgement  of  the  many  favors  re- 
ceived from  his  hand.  In  my  studies  of  the  Ordovician  areas 
of  Ohio,  Indiana  and  Kentucky,  I  have  received  so  much  as- 
sistance from  Mr.  B'assler  and  Mr.  John  M.  Nickles  that  I 
cheerfully  give  all  credit  for  the  more  valuable  results  to  these 
gentlemen. 

FAVOSITES  GOTHLANDICA,  LAMARCK. 

Plate  2,  figs.  1A,  IB. 

Corallum  in  broad,  flat  discoid  expansions,  relatively  thin 
considering  their  width.  Specimens  often  attaining  a  width  of 
30,  and  occasionally  of  50  centimeters.  Thickness  varying  from 
20  to  50  millimeters.  Base  with  a  concentrically  wrinkled 
epitheca,  often  absent  in  Aveathered  specimens.  Corallites  pris- 
matic, subequal  in  the  same  specimen;  usually  from  4  to  5,  oc- 
casionally 6  millimeters  in  width.  Tabulae  flat  or  slightly 
convex  or  concave,  frequently  with  marginal  crenulations  or  de- 
pressions, about  12  in  number,  distinctly  developed.  Tabulre 
numerous,  varying  from  10  to  12  in  a  length  of  5  millimeters. 
In  vertical  sections;  the  tabula  often  appear  confused  and  broken, 
and  at  times  even  present  an  appearance  suggesting  a  coarse 
vesicular  structure,  but  the  actual  presence  of  such  a  structure 
could  not  be  definitely  determined,  and  it  probably  does  not 
occur.  The  presence  of  septal  spines  could  not  be  determined 
in  the  specimens  at  hand.  Pores  surrounded  by  a  slightly  raised 
rim,  difficult  to  detect  in  most  specimens,  either  because  very 
rare  or  because  they  are  not  well  exposed;  occasionally  seen 
in  vertical  rows. 

This  variety  of  Favosites   Gothlandica    (frequently  called 
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Favosites  favosa}  is  remarkable  for  the  thinness  of  the  corallum, 
considering  its  width. 

Locality  and  position:  Along  the  road  north  of  Estill 
Springs,  north  of  Irvine;  directly  east  of  Panola,  along  the  road 
south  of  the  railroad ;  along  the  road  directly  north  of  Vienna ; 
southeast  of  the  home  of  J.  T.  Elkins,  5V->  miles  south  of  Indian 
Fields,  along  the  road  to  Vienna;  along  the  small  stream  a 
quarter  of  a  mile  south  of  Indian  Fields;  along  the  road  im- 
mediately north  of  Tipton  Ferry,  2  miles  southwest  of  Clay 
City,  Kentucky.  In  the  Waco  limestone  layers,  of  Silurian  age, 
Figure  1A  represents  a  specimen  from  Irvine,  Kentucky; 
figure  IB  represents  the  closely  arranged  tabula?,  but  without 
showing1  the  broken  and  vesiculose  appearance  of  some  speci- 
mens. 

FAVOSITES  HISINGERI-APLATA,  N.  v. 

Plate  2,  fis.  2,  and  Plate  4,  fig.  5. 

Corallum  flat,  usually  in  fragments  50  to  100  millimeters 
wide  and  10  to  15  millimeters  thick;  occasionally  200  to  300 
millimeters  wide  and  45  millimeters  thick.  Corallites  small, 
varying  from  .75  to  1  millimeter  in  width,  usually  slightly  less 
than  one  millimeter;  polygonal.  Tabula?  at  varying  distances 
apart,  from  9  to  16  in  a  length  of  5  millimeters,  occasionally 
as  few  as  5  in  this  length.  Septal  spines  numerous,  sometimes 
teaching  half  way  to  the  center  of  the  corallites,  but  frequently 
not  so  well  preserved  and  therefore  shorter;  pointed  and  curved 
upward  at  the  end;  arranged  in  12  vertical  rows.  Pores  small 
and  apparently  few  in  number.  Lower  surface  of  the  corallum 
with  an  epitheca  which  is  concentrically  wrinkled  and  striated, 
and  radiately  marked  by  narrow  grooves  distinctly  delimiting 
the  corallites.  The  corallites1  at  the  base  of  the  corallum  first 
grow  parallel  to  the  epitheca,  and  then  rise  vertically  toward 
the  surface. 

This  is  probably  the  same  variety  as  that  identified  by  C. 
Rominger  as  Favosites  venusta,  in  his  work  on  Fossil  Corals, 
Geological  Survey  of  Michigan,  volume  3,  1876,  plate  5,  figure 
3,  from  Drummond  Island,  Michigan.  Favosites  vemtsta  is 
described  by  Hall  as  having  corallites  varying  from  one  twenty- 
eighth  to  one  twenty-fourth  of  an  inch  in  diameter,  and  12  as- 
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cending  •sipiniform  rays.  In  our  specimens  the  septaj  spines 
either  are  ^not  well  preserved,  or  ai«e  characteristically  much 
shorter  and  therefore  do  not  appear  as  long  spines  strongly 
curved  up  at  the  ends.  Moreover,  Favosites  vcnusta  is  described 
as  being  hemispheric  or  spheroidal,  while  our  specimens  are 
rather  flat  and  discoidal. 

Specimens  similar  to  ours  but  with  slightly  wider  corallites 
are  figured  by  William  J.  Davis  in  his  Kentucky  Fossil  Corals, 
plate  w,  figures  7,  10. 

For  the  flat  variety  here  described  the  name  Fucositcs  liisinr- 
gcri-aplata  is  here  proposed. 

Locality  and  position:  Along  the  road  north  of  Estill 
Springs,  north  of  Irvine;  south  of  the  railroad,  a  short  distance 
east  of  Panola  station ;  a  mile  southeast  of  Indian  Fields,  along 
a  road  crossing  the  railroad,  a  short  distance  before  joining  the 
road  from  Indian  Fields  to  Clay  City;  two  miles  southwest  of 
Clay  City,  along  the  road  immediately  north  of  Tipton  Ferry. 
The  specimen  figured,  figure  2  on  Plate  2,  was  obtained  at 
Irvine.  The  enlargement,  figure  5  on  plate  4,  under  a  lens, 
shows  traces  of  the  spinules.  In  the  Waco  limestone  layers 
of  Silurian  age. 

FAVOSITES  DECLINATA,,  N.  SP. 

Plate  2,  figs.  4A,  4B,  and  Plate  4,  fig.  4. 

Corallum  small,  attaining  a  width  of  70  millimeters  and 
a  thickness  of  20  millimeters,  but  most  specimens  do  not  ex- 
ceed a  width  of  40  millimeters.  Lower  surface  with  an  epitheca 
which  is  strongly  wrinkled  and  striated  concentrically,  and 
also  marked  radially  by  narrow  grooves  which  limit  the  bound- 
aries of  the  corallites'  where  in  contact  with  the  epitheca.  Cor- 
allites,  where  in  contact  with  the  epitheca,  practically  hori- 
zontal; thence  rising  obliquely  toward  the  upper  surface  of  the 
coral lum ;  apertures  polygonal,  more  or  less  oblique.  Where  the 
apertures  are  strongly  oblique,  the  vertical  diameter  may  be 
as  little  as  .7  millimeter,  while  the  lateral  diameter  is  2  milli- 
meters, but  usually  the  obliquity  is  much  less  and  the  differ- 
ences between  the  diameters  less  striking.  Near  the  central 
part  of  the  upper  surface  of  the  corallum  the  corallites1  are  ap- 
proximately vertical  and  the  obliquity  of  the  apertures  is  less 
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evident.  Tabula1  present;  rather  distant,  about  4  to  5  in  a 
length  of  5  millimeters.  In  vertical  sections  the  oblique  growth 
of  the  corallites  from  the  epitheca  to  the  upper  surface  of  the 
corallum  is  distinctly  shown  j  the  tabulae  usually  occupy  a  posi- 
tion intermediate  between  the  horizontal  and  one  at  right  angles 
to  the  direction  of  the  corallites;  tabula?  often  convexly  curved. 
Inner  walls  with  numerous  granules  which  in  some  specimens 
are  very  well  preserved  and  in  others  are  less1  distinct.  In 
some  very  well  preserved  specimens  the  granules  are  distinctly 
arranged  in  transverse  and  in  longitudinal  lines,  the  transverse 
lines  being'  parallel  to  the  tabula?.  In  other  specimens  only  the 
longitudinal  lines,  or  only  the  transverse  arrangement,  is  readily; 
distinguished,  while  in  some  specimens  the  arrangement  is 
rather  irregular.  The  number  of  longitudinal  rows  varies  be- 
tween 18  and  24.  Granules  occur  also  upon  the  upper  side  of 
the  tabula?  in  some  specimens.  Corallites  subequal,  averaging 
2  millimeters  or  a  little  less  in  width  at  the  apertures;  rarely 
longitudinally  wrinkled,  never  with  distinct  longitudinal  ridges^ 
as  in  species  of  Alvcolites. 

Locality  and  position:  Along  the  road  north  of  Estill 
Springs,  north  of  Irvine;  east  of  Panola,  along  the  road  south 
of  the  railroad ;  half  a  mile  east  of  Waco,  where  the  road  to  Cobb 
Ferry  turns  off  from  the  pike  to  Irvine;  two  miles  southwest 
of  Clay  City,  along  the  road  immediately  north  of  Tipton  Ferry. 
In  the  Waco  limestone  layers,  of  Silurian  age.  Figures  4A  and 
4B  on  plate  2  represent  specimens  from  Irvine,  Kentucky.  An 
enlargement  is  shown  in  figure  4,  plate  4. 

SYRIXGOLITES  HURONENSIS,  HINDE. 

Plate  2,  fis.  3,  and  Plate  4,  fig.  2. 

Corallum  flat,  or  gently  convex,  attaining  a  width  of  120 
millimeters  and  a  thickness  of  about  15  millimeters.  Lower 
surface  with  an  epitheca  wrinkled  and  striated  concentrically, 
and  marked  by  flat  radiating  lines  and  also  by  narrow  but  dis- 
tinct radiating  grooves  limiting  the  boundaries  of  the  basal  parts 
of  the  corallites.  The  corallites  are  horizontal  where  in  con- 
tact with  the  epitheca  and  then  rise  vertically  toward  the  upper 
surface  of  the  corallum.  Corallites  polygonal,  2.5  millimeters 
in  width.  Tabula?  about  10  to  13  in  a  length  of  5  millimeters, 


302  KENTUCKY  GEOLOGICAL   SURVEY. 

sloping  downward  toward  the  center;  upper  surface  of  the 
tabula?  covered  by  numerous  granules  irregularly  arranged  in 
J2  radiating  sets  indistinctly  defined  from  each  other.  In  no 
case  are  the  granules  arranged  in  distinct  radiating  rows  as  in 
the  figures  given  by  Nicholson  in  his  Tabulate  Corals,  This 
granulated  surface  may  be  traced  as  far  as  the  center  of  the 
ccrallites  in  well-preserved  specimens.  Vertical  sections,  how- 
ever, show  that  the  tabula?  have  a,  funnel-shaped  form,  ending 
at  the  center  in  a  narrow  tube,  the  tubes  of  different  funnels 
uniting  so  as  to  form  a  continuous  central  tube.  This  tube  is 
crossed  by  horizontal  plates  which  appear  to  be  more  numerous 
than  the  tabula.  It  is  probably  due  to  these  horizontal  plates 
within  the  tubes  of  the  invaginating  funnels  that  the  apertures 
of  the  tubes  are  not  readily  detected  on  the  upper  side  of  the 
tabula?  of  well-preserved  specimens.  The  lower  side  of  these 
invaginating  funnels  usually  is  wrell  exposed  on  the  lower  side 
of  strongly  weathered  coralla.  The  tubular  basal  part  often 
remains  on  the  upper  side  of  strongly  weathered  specimens  as 
a  small,  central,  sharply  elevated  tubular  wall  or  ring.  The 
diameter  of  the  continuous  funnel  varies  from  .75  to  1  milli- 
meter. In  some  specimens  granules  are  seen  on  the  inner  walls 
of  these  tubes,  and  granules  appear  also  on  the  inner  walls  of 
the  corallites,  irregularly  arranged. 

Judging  from  the  description  of  8i;riwffoJites  huronensis 
given  by  Lawrence  M.  Lambe,  in  his  Revision  of  Canadian  Pa- 
leozoic Corals,  part  1,  page  45,  our  specimens  are  identical  with 
the  type  specimens  from  Manitouaning,  Grand  Manitoulin 
Island,  in  Lake  Huron.  He  states  that  the  septa  consist  of 
small  spiniform  bodies  present  in  large  numbers  and  apparently 
without  definite  order  on  the  inner  walls,  of  the  corallites,  and 
that  spines  similar  to  these  in  size  and  shape  are  equally  abund- 
ant on  the  upper  surface  of  the  tabula?  and  extend  into  the 
tube.  If  instead  of  spines  the  word  granules  be  substituted  th« 
description  would  fit  our  specimens  very  well. 

Syrinfjolitcs  huronensis  finds  a  near  relative  in  Roemcria 
kunthiana,  Lindstroem,  from  the  Silurian  of  Gotland,  Sweden, 
from  which  it  differs  chiefly  in  the  greater  regularity  of  the 
funnels,  which  never  are  absent  in  the  American  species,  and 
in  the  radiate  arrangement  of  the  septal  granules  along  the 
flat  bottom  of  the  calvces. 
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Locality  and  position:  Two  miles  southwest  of  Clay  City, 
along  the  road  immediately  north  of  Tipton  Ferry;  a  mile 
southeast  of  Indian  Fields,  east  of  the  home  of  Brownlow 
Bruner,  where  the  road  from  Kiddville  joins  the  road  from 
Indian  Fields  to  Clay  City;  half  a  mile  east  of  Waco,  where 
the  road  to  Cobb  Ferry  starts  off  from  the  pike  to  Irvine; 
along'  the  road  north  of  Estill  Spring's,  north  of  Irvine.  In 
the  Waco  limestone  layers,  of  Silurian  age.  Figure  3  on  plate 
2  represents  a  specimen  from  Tipton  Ferry.  Figure  2  on  plate 
4  is  an  enlargement  of  the  same.  The  radial  grouping  of  the 
septal  granules  is  shown  indistinctly. 

HELIOLITES  SPONGIOSA  N.  SP. 

Plate  3.  fig.  3;  Plate  4,  fig.  6;  and  Plate  5,  fig.  5. 

Corallum  apparently  in  the  form  of  a  flat  discoidal  mass, 
of  which  only  a  part  is>  preserved  in  the  specimen  described. 
Corallites  vertical  in  this  specimen,  but  the  lower,  epithecal  part 
of  the  corallum  is  not  present.  Corallites  averaging1  about  1.5 
mm.  in  diameter,  and  about  2  mm.  apart.  The  spaces  between 
the  corallites  are  occupied  by  numerous  polygonal  tubules,  par- 
allel to  the  corallites.  As  seen  on  the  upper  surface  of  the 
corallum,  the  tubules  are  very  irregular  in  size  and  arrangement, 
producing  a  sort  of  spongiose  appearance,  which  is  regarded 
as  the  distinguishing  characteristic  of  this  species.  Some  of  the 
tubules  are  full}'  half  a  millimeter  in  diameter  at  the  surface, 
while  others  are  scarcely  a  third  or  even  a  fourth  as  wide,  and 
have,  therefore,  scarcely  a  ninth  of  the  cross-sectional  area.  The 
horizontal  tabula?  in  the  corallites  are  rather  regular  in  dispo- 
sition, and  number  about  15  in  a  length,  of  5  mm.,  while  the 
tabulae  in  the  tubules  number  about  22  to  25  in  the  same  dis- 
tance. As  in  all  other  species,  however,  there  is  a  considerable 
variation  in  the  distance  between  the  tabular  The  edges  of  the 
calyces  are  not  raised  above  the  general  surface  of  the  corallum ; 
and  both  large  and  small  apertures  of  tubules  are  in  contact 
with  these  edges,  the  calyces  not  being  surrounded  by  a  narrow 
radiate  border.  No  septa  were  detected  in  the  corallites,  nor 
could  the  presence  of  septal  spines  be  determined  by  an  examina- 
tion of  the  exposed  parts  of  the  corallite  tubes,  although  the 
possibility  of  their  appearing  in  cross-sections  of  the  corallum 
is  not  altogether  excluded. 
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Distinguished  from  other  species  of  Heliolites,  as  far  as 
known,  by  the  spongiose  appearance  of  the  upper  surface  of  the 
c-orallum,  the  absence  of  septa  within  the  eorallites,  and,  appar- 
ently, also  by  the  absence  of  a  distinct  exsert  marginal  rim 
where  the  eorallites  reach  the  surface. 

Locality  and  position  :  Found  along  the  road  north  of  Estill 
Springs,  north  of  Irvine,  Kentucky,  in  the  Waco  limestone  lay- 
ers, of  Silurian  age.  The  enlargement  on  plate  4  in  figure  6 
shows  distinctly  the  irregular  size  and  arrangement  of  the  inter- 
stitial tubules. 

HELIOLITES  SP. 

Plate  3,  fig.  4. 

Corallum  in  form  of  a  discoidal  mass,  with  a  concentrically 
wrinkled  epitheca  beneath.  Corallites  scarcely  one  millimeter 
in  diameter,  from  one  to  nearly  two  millimeters  apart.  The 
spaces  between  the  eorallites  occupied  by  polygonal  tubules, 
about  six  or  six  and  a  half  in  a  width  of  two  millimeters. 
Tubules  approximately  of  equal  size.  Corallites  apparently 
with  short  septal  spines  along  the  inner  walls,  extending  toward 
the  center  along  the  horizontal  tabulae,  but  not  sufficient!}7  pre- 
served for  accurate  study.  The  surface  of  the  specimen  is 
weathered ;  in  this  condition  it  shows  no  evidence  of  the  margins 
of  the  corallites  having  been  raised  slightly  above  the  general 
surface  of  the  corallum,  nor  of  a  central  elevation  in  the  coral- 
lites (due  to  the  convergence  of  upward  directed  septal  spinules) 
as  in  the  case  of  Heliolites  interstincta.  Probably  a  distinct 
species,  characterized-  by  its  discoid  growth,  small  corallites, 
and  relatively  large  tubules. 

Locality  and  position :  Found  along  the  road  north  of  Estill 
Springs,  north  of  Irvine,  Kentucky,  in  the  Waco  limestone  lay- 
ers, of  Silurian  age. 

HELIOLITES  SUBTUBULATA  (?),  McCoY. 

Plate  3.  figs.  5A,  5B. 

Corallum  flat,  60  or  more  millimeters  wide  and  10  milli- 
meters thick  in  the  specimens  at  hand;  probably  attaining  a 
much  larger  size.  Lower  surface  with  a  concentrically  wrinkled 
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epitheca.  Corallites  circular,  averaging  .75  millimeters  in  diam- 
eter, and  usually  from  1.5  to  2  millimeters  distant  from  each 
other.  The  interstitial  tubules  are  polygonal;  at  the  surface 
of  the  corallum  about  8  or  9,  sometimes  10,  apertures  are  seen 
in  a  width  of  2  millimeters.  Horizontal  tabulae  in  the  coral- 
lites  number  about  6  to  8  in  a  length  of  2  millimeters ;  9  to  11 
occur  in  the  interstitial  tubules  in  a  length  of  2  millimeters. 
The  margins  of  the  calices  rise  slightly  above  the  general  sur- 
face of  the  corallum.  Septa!  ridges  or  spinules,  if  present,  not 
distinctly  recognized.  In  the  figure  of  HelioUtes  subtubulata, 
published  by  C.  Rominger,  in  volume  3,  of  the  Geological  Survey 
of  Michigan,  in  1876  (plate  1,  figure  4),  the  tubules  are  ar- 
ranged in  parallel  rows,  best  shown  by  the  figure  of  the  specimen 
from  Drummond  Island,  Michigan.  In  our  specimens,  repre- 
sented by  figure  5B,  the  arrangement  is  much  less  regular,  al- 
though in  some  specimens  the  tubules  are  arranged  in  approxi- 
mately parallel  lines  for  short  distances.  It  is  not  known 
whether  the  parallel  arrangement  of  the  tubules  is  constant  in 
the  Drummond  Island  specimens. 

Usually  identified  with  HelioUtes  subtubulata,  McCoy,  from 
the  Wenlock  limestone  of  England,  but  differing  from  the  type 
specimens  in  the  smaller  size  of  the  corallites,  the  greater  dis- 
tance between  them,  and  the  absence  of  any  unusual  thickness 
in  the  case  of  their  walls.  Provisionally,  our  specimens  may 
be  known  as  HelioUtes  siibtubulata-distans. 

In  a  second  group  of  specimens  presenting  about  the  same 
features  as  those  just  described,  the  coralla  increase  in  height 
rather  than  in  width,  traces  of  an  epithecal  structure  being 
shown  at  different  levels1  on  the  steep  sides.  In  the  specimen 
figured  here,  figure  5A,  the  corallum  attains  a  width  of  20  milli- 
meters and  a  height  of  17  millimeters.  The  tubules  are  ar- 
ranged in  a  rather  irregular  manner,  about  8  or  9  occupy  a 
width  of  2  millimeters.  Septal  spinules  short,  not  distinctly 
recognized.  Provisionally  these  specimens  may  be  known  as 
Hel iolitcs  subtu ~b ulata-nuceUa. 

Locality  and  position:  The  larger,  flat  and  relatively  thin 
specimens  (HelioUtes  siibtubnlata-distans)  were  found  half  a 
mile  east  of  Waco,  and  along  the  road  north  of  Estill  Springs, 
near  Irvine,  Kentucky.  The  small  and  relatively  thick  speci- 
mens (HelioUtes  subtubulata-nucella)  were  found  north  of 
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Estill  Springs.    All  occur  in  the  Waco  limestone  layers,  in  the 
Silurian. 


LYELLIA  EMINULA,  N.  SP. 

Plate  3,  fig.  6;   Plate  4,  fig.  3. 

Corallum  with  upper  surface  flat  or  moderately  convex;  in 
the  type  specimen,  expanding  from  a  narrower  base  so  as  to 
reach  a  width  of  40  and  a  height  of  at  least  25  millimeters.  Cor- 
allites varying  in  width  from  1.2  to  1.5  millimeters,  and  from 
.75  to  almost  2  millimeters  apart.  The  edges  of  the  corallites 
are  raised  slightly  above  the  general  surface  of  the  corallum. 
Septa  twelve  in  number,  consisting  of  carinre  bearing  stout 
spines,  which  in  the  specimens  examined  appear  to  be  short  but 
conspicuous.  Interstitial  spaces  filled  with  vesicular  structure 
consisting  of  convex  plates-  resting  on  each  other  in  such  a  man- 
ner as  to  form  somewhat  lenticular  cavities  varying  in  width 
from  1  to  2,  occasionally  3,  millimeters.  The  type  is  repre- 
sented by  figure  6  on  Plate  3,  and  figure  3  on'  Plate  4.  The  sur- 
face of  another  specimen,  not  the  type,  resembles  that  of 
Heliolites,  the  intercalicular  surface  being  marked  by  numerous 
small  pits  having  polygonal  outlines,  at  first  sight  suggesting 
the  presence  of  intercalicular  tubules  as  in  Heliolites.  The  pits 
reappear  on  layers  at  different  levels;  they  are  separated  by 
raised  and  fairly  sharp  borders.  About  four  and  a  half  to  live  oc- 
cur in  a  width  of  2  millimeters.  A  similar  structure  is  revealed 
by  a  lens  in  Li/elli-a  americana,  figure  1,  plate  2,  of  C.  Hominger'si 
Fossil  Corals,  published  in  the  third  volume  of  the  Geological 
Survey  of  Michigan,  in  1876.  The  appearance  is  that  of  a  bry- 
ozoan  incrusting  the  surface,  but  leaving  the  apertures  of  the 
corallites  free. 

These  forms  may  be  regarded  as-  small  varieties  of  Lyellia 
americana,  with  corallites  of  smaller  diameter,  with  shorter  sep- 
tal  spines,  and  smaller  vesicular  cavities  in  the  interstitial 
spaces.  The  edges  of  the  calices1  do  not  bear  a  circle  of  twelve 
rounded  tubercles,  and  no  rounded  tubercles  are  observed  on  the 
intercalicular  surfaces.  It  will  be  noticed  that  these  statements 
involve  chiefly  negations  of  characteristics  seen  in  well-pre- 
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served  specimens  of  Lyell'm  americana,  or  the  development  of 
certain  of  these  characteristics  on  a  smaller  scale. 

Locality  and  position :  Found  along  the  road  north  of  Estill 
Springs,  north  of  Irvine,  Kentucky,  in  the  Waco,  limestone  lay- 
ers, of  Silurian  age. 

Flat  specimens  occur,  having  a  width  of  65  millimeters,  and 
a  height  of  less  than  10  millimeters,  with  a  concentrically 
wrinkled  epitheca.  The  corallites  are  often  3,  and  even  4,  milli- 
meters apart.  The  septal  ridges  or  spinules  are  much  less  prom- 
inent; the  vesicular  cavities  are  smaller,  and  the  intercellular 
pits  on  the  intercalicular  surface  are  always  well  preserved. 
This  may  be  a  distinct  species.  It  is  well  represented  by  figure 
1  on  plate  4,  and  by  figure  4  on  plate  5,  both  of  which  are  en- 
largements. It  occurs  in  the  Waco  limestones,  half  a  mile  east 
of  Waco,  where  the  road  to  Cobb  Ferry  leaves  the  Irvine  pike. 

ZAPHRENTIS  IXTERTEXTA,  x.  SP. 

Plate  1.  figs.   1A,  IB. 

Corallnm  simple,  conical,  curved.  In  the  specimen  showing 
the  interior  of  the  calyx,  the  distance  from  the  base  of  the  cor- 
alltim  to  that  part  of  the  exterior  of  the  corallum  which  is  on 
a  level  with  the  twisted  center  is  about  55  millimeters  when 
measured  along  the  convex  side,  and  scarcely  30  millimeters 
when  measured  along  the  concave  side ;  the  width  of  the  corallum 
at  this  level  is  43  millimeters  measured  transversely,  and  37 
millimeters  measured  from  front  to  rear  parallel  to  the  septal 
fossette.  In  a  second  specimen,  not  showing  the  interior  of  the 
calyx,  the  length  from  the  base  of  the  corallum  to  the  edge  of 
the  calyx  is  80  millimeters  measured  along  the  convex  side,  and 
43  millimeters  measured  along  the  concave  side  of  the  corallum ; 
the  width  of  the  top  of  the  corallum  is  35  millimeters  measured 
transversely,  and  50  millimeters  from  front  to  rear,  but  the 
corallum  has  been  compressed  laterally.  Its  original  dimen- 
sions were  probably  about  45  millimeters  measured  transversely, 
and  scarcely  40  millimeters  measured  from  front  to  rear.  Epi- 
theca complete,  with  longitudinal  septal  furrows  moderately  dis- 
tinct. Septa  numbering  about  90,  alternately  long  and  short; 
of  these  the  longer  septa  extend  toward  the  center,  uniting, 
twisting  and  crossing  each  other,  so  as  to  form  a  broad,  convex, 
irregularlv  reticulated  mass  at  the  bottom  of  the  calyx,  re- 
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sembling  the  pseudo-columella  of  tStrcptelasnta  rasticiun-caua- 
densis.  Judging  from  a  comparison  of  the  two  specimens  here  de- 
scribed, the  depth  of  the  calyx  is  about  21  millimeters,  in  speci- 
mens of  this  size.  A  distinct  septal  fossette  is  present  on  the 
convex  side  of  the  corallum,  extending  up  the  neighboring  part 
of  the  pseudo-columella.  Along  that  part  of  the  pseudo-colum- 
ella  bordering  on  the  septal  fosette,  the  edges!  of  the  primary 
septa  are  much  less  conspicuous. 

The  species  is  believed  to  be  closely  related  to  Zaphrentis 
Stokesi,  from  the  Silurian  of  Drummond  Island,  in  Lake  Huron. 
Compared  with  the  typical  forms,  our  specimens  are  much  less 
elongated,  and  widen  more  rapidly  from  the  base.  The  number 
of  septa  is  conspicuously  smaller.  Moreover,  in  our  specimens, 
the  primary  septa  not  only  curve  on  approaching  the  center,  but 
they  cross  each  other  in  an  irregular  manner.  The  edges  of  the 
septa  on  the  pseudo-columella  are  much  coarser,  but  this  may 
not  be  a  constant  character.  Compared  with  Zaphrentis  umbon- 
uta,  Rominger,  from  the  Silurian  of  Michigan,  our  specimen  has 
a  broader  and  less  prominently  elevated  pseudo-columella; 
moreover,  this  pseudo-columella  is  not  laterally  compressed. 
The  larger  size,  the  greater  number  of  septa,  and  the  dis- 
tinct septal  fossette  serve  to  distinguish  it  from  Strcptcl- 
asma  spongajpis,  Komingor,  from  the  Silurian  of  Point  Detour, 
Michigan.  Our  specimen  may  be  only  an  extreme  phase  <>f 
some  species.  In  the  present  stage  of  information,  it  appears 
sufficiently  different  to  receive  a  distinct  name. 

Locality  and  position:  Along  the  road  north  of  Estill 
Springs,  north  of  Irvine,  Kentucky ;  two  miles  southwest  of  Clay 
City,  along  the  road  immediately  north  of  Tipton  Ferry.  In 
the  Waco  limestone  layers,  of  Silurian  age. 

ZAPHRENTIS  INTERTEXTA,  VARIETIES  OR  YOUNG. 

Plate  7,  figs.  5A,  5B,  5C,  5D,  5E. 

Associated  with  the  type  specimens  of  Zaphrentis  intcrtexta, 
are  comparatively  numerous  smaller  specimens  having  the  same 
general  exterior  form  and  appearance,  but  the  twisting  and 
crossing  of  the  primary  septa  at  the  center  of  the  calyx  is  less 
conspicuous,  there  is  no  very  distinct  convex  elevation  forming 
a  pseudo-columella,  and  the  edges  of  the  septa  are  thinner.  The 
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septal  fossette  is  always  distinctly  developed.  Specimens  of  this 
type  frequently  attain  a  width  of  35  millimeters.  They  are  re- 
garded as  being1  merely  younger  states  of  Zaphrentis  intertcj-ta. 
They  occur  not  uncommonly  along  the  road  north  of  Estill 
Springs,  north  of  Irvine ;  east  of  Panola  station,  along-  the  road 
south  of  the  railroad ;  half  a  mile  east  of  Waco,  where  the  road  to 
Cobb  Ferry  turns  off  from  the  pike  to  Irvine.  In  addition  to  these 
specimens  there  are  others  whose  affinities  are  not  so  readily 
determined.  Figures  5 A  and  5B  illustrate  specimens  in  which 
there  is  no  distinct  evidence  of  the  interlacing  of  the  inner  ends 
of  the  septa  into  a  pseudo-columella.  On  the  contrary,  the 
median  posterior  and  anterior  septa  apparently  join  so  as  to 
form  a  single  continuous  septum  across  the  calyx,  from  front 
to  rear,  nearly  straight  in  figure  5A,  but  distinctly  bent  into 
an  open  sigmoidal  curve  in  the  second  specimen,  of  which  a 
lateral  view  is  presented  in  figure  5B'.  This  median  septum  is 
approached,  but  not  crossed,  by  the  other  septa,  on  each  side. 
Where  the  median  septum  is  straight,  in  passing  across  the 
middle  of  the  calyx,  the  other  septa  are  nearly  straight.  Where 
the  median  septum  is  strongly  bent,  the  inner  ends  of  the  other 
septa  are  more  distinctly  flexuous  on  approaching  the  center 
of  the  calyx.  A  somewhat  similar  condition  is  represented  by 
figure  5D,  in  which,  however,  there  is  no  continuous  medium 
septum  from  front  to  rear,  and  the  number  of  primary  septa 
does  not  exceed  36. 

Figure  5C  illustrates  one  of  the  smaller  specimens  from 
Irvine,  weathered  so  as  to  show  the  whole  of  the  uppermost 
tabula  extending  entirely  across  the  corallum.  This  tabula  is 
nearly  flat,  bending  downward  at  the  margin,  and  descending 
much  more  strongly  into  the  septal  fossette.  The  middle  of  the 
fossette  is  marked  by  the  edge  of  one  of  the  primary  septa.  The 
inner  edges  of  the  other  septa  are  moderately  flexuous  and  show 
faint  evidences  of  interlacing1.  The  number  of  primary  septa 
is  about  35. 

Taken  by  themselves,  the  specimens  represented  by  figures 
5A  and  5B,  and  those  represented  by  5C,  5D,  and  5E  apparently 
form  at  least  two  distinct  species,  but  apparently  they  are  con- 
nected by  numerous  intermediate  forms.  For  the  first  set,  pro- 
visionally, the  name  Zaphrentis  intertexta-irvinensis  is  suggest- 
ed, and  for  the  second,  Zaphrentis  intertexta-juvvnis.  The  latter 
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may  be  identical  with  Zaphrentis  bilatcralis,  Hall,  and  not  at 
all  closely  related  to  Zaphrentis  intertexta,  but  this  can  not 
lie  determined  until  enough  specimens  have  been  collected,  at 
all  stages  of  growth,  to  be  able  to  identify  the  young  of  inter- 
texta  with  confidence. 

ZAPHRENTIS  CHARAXATA,  N.  SP. 

Plate  7,  figs.  4A,  4B,  4C,  4D,  4E. 

Corallum  small,  simple,  curved.  Length  from  15  to  20  milli- 
meters; maximum  width  about  15  to  18  millimeters;  depth  of 
calyx  about  6  to  7  millimeters;  the  greater  part  of  the  calyx 
usually  is  worn  away  in  the  specimens  at  hand  but  the  base  of 
the  calyx  with  the  edges  of  the  septa  and  the  septal  fossette 
frequently  are  well  exposed.  Number  of  primary  septa  usually 
between  28  and  33;  intermediate  between  these  is  an  approxi- 
mately equal  number  of  secondary  septa.  Primary  septa  usually 
strongly  thickened  on  approaching  the  walls  of  the  calyx,  and 
coalescing  there  so  as  to  produce  the  effect  of  thick-walled  cor- 
alla.  Secondary  septa  also  thickened  along  the  walls  of  the 
calyx,  but  usually  seen  only  along  the  upper  part  of  the  calyx 
and  not  extending  more  than  a  short  distance  toward  the  cen- 
ter. In  some  specimens  the  space  between  the  primary  and 
secondary  septa  is  so  small  that  the  secondary  septa  can  not 
be  recognized  readily ;  this  contributes  to  the  thickened  appear- 
ance of  the  walls  of  the  coralla.  In  a  few  exceptionally  well- 
preserved  specimens  the  sides  of  the  primary  septa  were  marked 
by  transverse  and  rather  coarse  striations.  These  striations 
apparently  are  better  developed  near  the  walls  of  the  calyx 
than  near  the  edges  of  the  septa.  Exterior  of  the  corallum 
marked  by  rather  faint  longitudinal  grooves*  which  on  slightly 
weathered  specimens  appear  as  zig-zag  lines  dividing  the  sur- 
face into  small  polygonal  facets  arranged  in  more  or  less  quin- 
cuncial  order.  These  facets,  polygonal  or  more  irregular  in  out- 
line, are  well  shown  by  strongly  weathered  surfaces  and  their  de- 
velopment probably  has  some  indirect  connection  with  the  trans- 
verse striations  on  the  septa.  No  denticulations  were  seen  along 
the  inner  edges  of  the  septa.  Median  septal  fossette  well  develop- 
ed on  the  convexly  curved  side  of  the  corallum.  Two  of  the  pri- 
mary septa  bordering  on  the  fossette,  one  on  each  side,  unite 
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at  the  inner  end  of  the  fossette  so  as  to  form  a  curve  like  the 
rounded  end  of  a  horse  shoe,  against  which  the  other  primary 
septa,  coming  from  all  directions,  terminate.  In  most  spee;- 
mens  only  a  single  primary  septum  and  the  corresponding  sec- 
ondary septa  are  seen  along  the  farther  end  of  the  septal  fos- 
sette,  but  in  one  specimen  two  primary  and  three  secondary 
septa  were  found  in  this  position.  The  inner  ends  of  the  septa 
on  approaching  the  septal  fossette  may  partially  coalesce  so  as 
to  form  a  rather  irregular  but  comparatively  smooth  area.  In 
other  cases  the  edges  of  the  septa  may  be  distinguished  as  fat 
as  the  borders  of  the  septal  fossette.  In  a  few  cases  they  form 
a  small  nodulose  area,  bordering  the  inner  end  of  the  fossette, 
suggestive  of  the  nodulose  irregularities  at  the  center  of  the 
calyx  of  young  specimens  of  Streptelasma.  The  distinguishing 
features  of  this  species,  in  the  area  where  found,  are  its  small 
size,  distinct  median  septal  fossette,  thick  walls,  and  the  facetted 
appearance  of  the  epitheca  even  in  little  worn  specimens,  becom- 
ing very  distinct  in  more  weathered  specimens.  Compared  with 
Streptelasma  patula,  described  by  Rominger  from  the  Silurian 
of  Drummond  Island  and  Point  Detour,  in  Lake  Huron,  our 
specimens  are  more  curved,  have  a  more  pronounced  septal  fos- 
sette, and  smaller  primary  septa,  leaving  roomi  for  a  wider  cali- 
cular  cavity. 

Locality  and  position :  All  of  the  specimens  figured  are  from 
the  locality  along  the  road1  north  of  Estill  Springs,  north  of  Ir- 
vine, Kentucky;  specimens  occur  also  a  short  distance  east  of 
Panola,  along  the  road  south  of  the  railroad.  Found  in  the  Waco 
limestone  layers,  of  Silurian  age. 

LlNDSTROEMIA  LIXGULIFERA,  N.  SP. 
Plate  5,  figs.  2A,  2B,  2C,  2D,  2E,  2F. 

Corallum  small,  simple,  curved.  Height  usually  not  over  15 
millimeters,  but  sometimes  reaching  17  millimeters.  Exterior 
marked  by  fine  longitudinal  grooves  corresponding  in  number 
to  the  septa  within;  also  with  numerous  fine,  transverse,  con- 
centric striae.  Primary  septa  varying  in  number  from  27  to  33, 
uniting  at  the  center  of  the  calyx  into  a  vertical,  laterally  com>- 
pressed,  linguliform  columella,  or,  at  least,  forming  a  conspicu- 
ous ridge  toward  which  the  other  septa  converge.  A  median 
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septal  fossette  is  found  on  the  posterior  side  of  the  calyx;  in 
most  specimens  this  fossette  is  comparatively  shallow  and  in- 
distinct, but  usually  the  primary  septum  occupying  this  fossette 
does  not  extend  quite  as  far  toward  the  interior  of  the  calyx  as 
the  other  primary  septa.  Secondary  septa  present,  but  not  con- 
spicuous on  account  of  a  thick  deposit  of  sclerenchym  on  the 
inner  walls  of  the  corallum,  between  the  bases  of  the  septa,  thus 
producing  the  appearance  of  a  thick-walled  corallum.  This 
sclerenchym  also  partly  fills  in  the  base  of  the  visceral  chamber. 
Tabul»  few. 

This  species  may  be  distinguished  from  Lindstroemia  gainesi, 
W.  J.  Davis,  from  the  Clinton,  12  miles  east  of  Louisville,  Ken- 
tucky, by  the  less  conspicuous  secondary  septa,  caused  by  the 
much  thicker  deposit  of  sclerenchym  on  the  inner  walls  of  the 
corallum.  Lindstroemia  wisconsinensis,  Whitfield,  from  the  Ka- 
cine  limestone  (Silurian)  of  Wisconsin,  is  a  much  larger  species. 
The  type  species,  Lindstroemia  dalmani,  occurring  in  the  Siluri- 
an of  Gotland,  Sweden,  is  of  intermediate  size.  The  genus  is 
chiefly  Silurian,  but  Lindstroemia  subduplicata  occurs  in  the 
Caradoc  of  Ayrshire,  England,  near  the  top  of  the  Ordovician ; 
it  apparently  is  closely  related  to  the  Kentuckian  forms.  The 
genus  appears  to  have  had  its  origin  in  very  early  Ordovician 
times.  At  any  rate,  a  rugose  coral  with  a  laterally  compressed 
linguliform  columella,  labelled  as  coming  from  the  Birdseye 
and  Black  river  limestone  at  the  Petite  Chaudiere  rapids,  at 
Ottawa,  Canada,  occurs  in  the  Museum  of  the  Canadian  Geologi- 
cal Survey.  This  specimen,  equal  in  size  to  the  Kentucky  Siluri- 
an specimens,  here  described,  is  conical,  moderately  curved,  has 
30  primary  septa,  an  equal  number  of  secondary  septa,  a  rather 
indistinct  septal  fovea,  and  no  readily  perceptible  deposit  of 
sclerenchym.  For  this  species,  here  associated  with  Pctraia 
profiindum,  the  name  Lindstroemia  whiteavesi  is  proposed. 

Locality  and  position :  Figures  2A,  2B  are  from  specimens 
found  a  short  distance  east  of  Panola,  along  the  road  south  of 
the  railroad.  Figures  20,  2D,  2E,  2F  are  from  specimens  found 
along  the  road  north  of  Estill  Springs  north  of  Irvine.  This 
species  occurs  also  half  a  mile  east  of  Waco,  where  the  road  to 
Cobb  Ferry  turns  off  from  the  pike  to  Irvine.  In  the  Waco  lime- 
stones, of  Silurian  age. 
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POLYOROPHE  RADICULA,  N.  SP. 

Plate  5,  figs.  3A-3E. 

Corallum  resembling  in  form  the  specimens  identified  from 
Louisville,  Kentucky,  as  Cyathophijllum  radicula  by  W.  J. 
Davis  (Kentucky  Fossil  Corals,  plate  86,  figures  2,  3,  4,  5, 
published  in  1885),  but  structurally  distinct  both  from  that 
species  and  from  typical  forms  of  Cyatliopliyllum  radicula 
as  described  by  C.  Rominger  from  the  Silurian  of  Drummond 
Island,  Michigan. 

Corallum  simple,  attaining  a  width  of  10  to  12  millimeters 
and  a  length  of  30  millimeters,  usually  less.  Transversely 
wrinkled  and  constricted  owing  to  calicinal  rejuvenation;  the 
edges  indicating  former  positions  of  the  calyx  frequently  are 
distinctly  visible  as  narrow  encircling  rings  edged  on  the  up- 
per side  by  the  septal  denticles,  producing  an  appearance  a 
little  like  the  milled  edge  of  a  coin.  Growth  often  only  moder- 
ately curved  or  nearly  straight,  but  frequently  strongly  and  ir- 
regularh'  curved  or  bent.  Surface  of  the  epitheca  marked  by 
longitudinal  lines  corresponding  to  the  septa  in  number.  In 
some  specimens  minute  granules  occur  along  these  septal  stria?, 
usually  in  the  form  of  a  single  row  of  rather  distant  granules 
along  each  septal  line.  In  other  specimens  these  granules  can 
not  be  distinguished.  In  addition  to  the  coarser  markings,  fine 
transverse  striae  often  are  present. 

Septa,  about  60  to  TO  in  number,  very  narrow,  extending 
but  a  short  distance  from  the  walls  of  the  calyx,  represented 
chiefly  by  vertical  series  of  rather  prominent  denticles.  The 
broken  walls  of  the  coraHum  occasionally  appear  rather  thick, 
almost  a  millimeter  in  some  cases,  suggesting  the  presence  of  a 
thick  deposit  of  sclerenchym,  on  the  inner  walls  of  the  coral- 
lum,  beyond  which  the  denticles  project.  In  other  specimens 
these  walls  do  not  exceed  one-third  of  a  millimeter  in  thickness. 
There  appears  to  be  no  evidence  of  the  presence  of  dissepiments!. 
Tabula?  rather  distant,  extending  across  the  entire  width  of 
the  corallum.  Their  direction  varies  from  directly  trans- 
verse to  oblique,  depending  upon  the  direction  of  the  tall- 
cular  aperture  at  the  time  of  their  formation.  Tabulae  compara 
tively  flat  in  the  specimens  at  hand,  covered  on  the  upper  side 
with  more  or  less  distinctly  radiating  lines  of  coarse  granules 
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which  evidently  are  continuations  of  the  vertical  rows  of  septal 
denticulatipns  on  the  inner  walls  of  the  corallum.  These  gran- 
ules are  present  over  the  entire  upper  surface  of  the  tabula?,  but 
their  arrangement  in  rows  may  be  better  detected  in  the  more 
peripheral  part  as  a  rule.  The  lower  side  of  the  tabulae  appears 
to  be  smooth. 

While  possessing  the  generic  characteristics  of  the  type 
species,  Poli/orophe  glabra*,  Lindstroem,  from  the  Silurian  of 
Gotland,  Sweden,  our  specimens  present  a  widely  different  ex- 
ternal appearance.  They  are  much  smaller,  cylindrical  rather 
than  conical,  and  do  not  possess  the  lateral,  radiciform  out- 
growths of  the  epitheca;  moreover,  the  Kentuckian  specimens 
never  show  evidences  of  branching  nor  are  united  into  colonies. 
A-phyllostylus  gratilluz,  Whiteiaves,  from  the  Silurian  of  Mani- 
toba, possesses  the  septal  denticles  along  the  inner  walls  of  the 
corallum,  but  not  the  more  or  less  radiately  arranged  granules 
on  the  upper  sides  of  the  tabulae. 

Locality  and  position :  The  specimens  represented  by  figures 
3A,  SB  and  3E  are  from  along  the  road  north  of  Estill  Springs, 
north  of  Irvine,  Kentucky;  those  used  for  figures  3C  and  3D  are 
from  half  a  mile  east  of  Waco,  where  the  road  to  Cobb  Perry 
turns  off  from  the  pike  to  Irvine;  specimens  occur  also  a  mile 
southwest  of  Indian  Fields,  where  the  road  from  Kiddville  joins 
the  road  from  Indian  Fields  to  Clay  City.  In  the  Waco  lime- 
stone layers,  of  Silurian  age.  Figures  3A  and  3B  are  enlarge- 
ments; owing  to  the  angle  at  which  the  views  were  taken,  the 
specimen  represented  by  these  figures  appears  to  be  conical,  but 
this  is  the  effect  of  fore-shortening. 

CYATHOPHYLLUM  DENSISEPTATUM,  N.  SP. 

Plate  6.  figs.  2A-2F. 

Corallum  simple,  of  moderate  size,  curved,  attaining  a  length 
of  75  millimeters  measured  along  the  convex  side,  and  a  width 
of  30  millimeters  at  the  top  of  the  corallum.  Epitheca  very  thin, 
usually  removed  by  weathering;  marked  by  low,  flat  longitudinal 
and  rather  inconspicuous  ruga?  corresponding  in  number  to  the 
septa  within,  also  by  numerous  fine  transverse  striations,  and 
coarser  growth  lines  and  wrinkles.  Calyx  rather  shallow,  speci- 
mens 28  millimeters  wide  having  calices  with  a  depth  of  8  or  9 
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millimeters.  Septa  about  90  in  full  grown  specimens,  only  the 
primary  septa  reaching  the  center  where  the  ends  are  more  or 
less  twisted  and  slightly  raised  above  the  immediately  surround- 
ing part  of  the  bottom  of  the  calyx.  An  inconspicuous  septal 
fossette  occurs  on  the  convex  side  of  the  corallum,  occupied 
usually  by  one  primary  and  two  secondary  septa.  Dissepiments 
small  and  numerous,  curving  upward  and  outward  between  the 
septa  and  appearing  in  longitudinal  sections  as  a  dense  vesicu- 
lose  tissue.  In  cross-sections  the  septa  vary  between  slightly 
convex  and  V-shaped  on  the  side  facing  the  exterior  of  the  cor- 
allum. 

Locality  and  position:  All  specimens  here  figured,  except 
that  represented  by  figure  2E,  are  from  along  the  road  north 
of  Estill  Springs,  north  of  Irvine,  Kentucky;  figure  2E  repre- 
sents a  specimen  from  east  of  Panola,  along  the  road  south  of  the 
railroad ;  specimens  occur  also  half  a  mile  east  of  Waco,  where 
the  road  to  Cobb  Ferry  turns  off  from  the  pike  to  Irvine;  two 
miles  southwest  of  Clay  City,  along  the  road  immediately  north 
of  Tipton  Ferry;  a  mile  southeast  of  Indian  Fields,  where  the 
road  from  Kiddville  enters  the  road  from  Indian  Fields  to  Clay 
City,  south  of  the  railroad ;  a  quarter  of  a  mile  south  of  Indian 
Fields,  where  the  road  crosses  a  small  stream.  In  the  Waco 
limestones,  of  Silurian  age. 

CYATHOPHYLLrM  SEDENTARIUM,  N.  SP. 

Plate  6,  figs.  3A,  3B,  3C. 

Corallum  more  or  less  flattened  transversely,  in  extreme 
cases  one  of  the  horizontal  diameters  may  equal  fully  twice 
that  at  right  angles  to  it.  The  plane  along  which  this  flatten- 
ing is  most  developed  appears  to  be  approximately  lateral  or 
diagonal  to  the  plane  of  the  septal  fossette,  but  this  can  not  be 
determined  satisfactorily  from  the  specimens  at  hand.  This  flat- 
tening appears  to  be  connected  with  the  method  of  support.  In 
young  specimens  radiciform  extensions  of  the  epitheca  appear  to 
,  develop  on  the  inclined  side  of  the  corallum,  attaching  the  latter 
to  some  support.  With  increasing  age  this  side  of  the  corallum 
often  developed  to  such  an  extent  as  to  form  a  comparatively 
long  and  flat  area  of  attachment  bordered  by  the  radiciform 
wrinkles  of  the  epitheca.  The  growth  wrinkles  and  striations 
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of  the  epitheca  curve  downward  toward  the  distal  end  of  the 
basal  attachment.  In  addition  to  these  specimens,  considered 
more  characteristic  of  the  species,  there  are  others  which  have 
ordinary  pointed  bases  or  narrow  areas  of  attachment,  with  a 
few  radiciform  epithecal  appendages  farther  up.  In  still  other 
specimens  no  radiciform  appendages  were  seen.  Corallum 
marked  by  very  irregular  transverse  wrinkles  and  growth  lines, 
the  result  of  calicular  rejuvenation.  Epitheca  thin,  strongly 
marked  by  transverse  wrinkles  and  striaB  and  indistinctly 
marked  by  longitudinal  low  lines  corresponding  in  number  to 
the  septa.  Septa  about  100,  alternately  larger  and  smaller,  only 
the  former  reaching  the  center  of  the  calyx,  where  the  inner 
ends  are  slightly  twisted.  In  some  specimens  no  septal  fossette 
could  be  detected,  in  others  a  very  indistinct  one  appeared  to  ex- 
tend obliquely  toward  the  rear  of  the  calyx.  Calyx  rather  shal- 
low ;  about  10  millimeters  in  depth.  In  most  specimens  the  mar- 
gin of  the  calyx  slopes  obliquely  toward  what  is  here  called  the 
front  of  the  corallum.  Dissepiments  small  and  numerous, 
curved  upward  and  outward  in  longitudinal  sections,  and  slight- 
ly curved,  strongly  convex  or  even  V-shaped  in  transverse  sec- 
tions. Along  a  very  thin  zone,  in  immediate  contact  with  the 
epitheca,  these  small  dissepiments  are  replaced  by  much  larger 
ones,  the  concave  surfaces  of  which  are  longitudinally  lined  with 
low  septal  ridges,  while  the  septa  frequently  are  more  or  less 
obsolete.  In  consequence,  the  moderately  weathered  coralla, 
from  which  only  the  epitheca  has  been  removed,  frequently  re- 
semble the  weathered  surfaces  of  species  of  Blothrophyllum.  The 
extension  of  the  septa  to  the  center  of  the  corallum,  and  the  ab- 
sence of  large,  strongly  tabula  in  this  part  of  the  specimens  is 
sufficient  evidence  that  our  specimens  are  not  genuine  specimens 
of  Blothrophyllum.  Tabulae  in  our  specimens  are  comparatively 
inconspicuous. 

Locality  and  position:  All  specimens  here  figured  came 
from  along  the  road  north  of  Estill  Springs,  north  of  Irvine, 
Kentucky ;  specimens  occur  also  east  of  Panola,  along  the  road 
south  of  the  railroad ;  half  a  mile  east  of  Waco,  where  the  road 
to  Cobb  Ferry  turns  off  from  the  pike  to  Irvine.  In  the  Waco 
limestone  layers,  of  Silurian  age. 
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CHONOPHYLLUM  SOLITARIUM,  x.  SP. 

Plate  7,  fig.  2. 

Corallum  simple,  short  and  wide.  Judging  from  the  frag- 
ment at  hand,  the  original  dimensions  of  the  type  specimen 
were:  Width,  at  least  60  millimeters;  height,  about  25  milli- 
meters; the  rim  surrounding  the  central  depression  rises  about 
10  millimeters  above  the  margin  of  the  calyx.  From  this  rim  the 
calicular  surface  slopes  at  first  moderately  and  then  more  grad- 
ually downward  toward  the  margin  of  the  calyx.  From  the  same 
rim  the  surface  slopes  rapidly  downward  into  the  central  de- 
pression. The  diameter  of  the  central  depression  is  about  9  or 
10  millimeters.  Distinct  vertical  septa  are  seen  only  along  the 
walls  of  the  central  depression  and  over  the  surrounding  rim  as 
far  as  a  distance  of  about  8  millimeters  from  the  center  of  the 
corallum.  Between  these  septa  dissepiments  occur.  About  60 
septa  may  be  recognized,  but  all  are  not  well  exposed ;  they  al- 
ternate in  size.  On  the  descending  calicular  slopes  these  septa 
are  continued  as  linear  flat  septal  ridges  separated  by  narrow, 
shallow  grooves,  of  which  about  100  may  be  counted  at  the  mar- 
gin of  the  corallum.  That  part  of  the  corallum  lying  exterior 
to  the  central  depression  and  its  rim  consists  of  a  succession  of 
calicinal  plates  resting  upon  intermediate  vesicular  tissue.  No 
true  septa  may  be  noticed  in  this  peripheral  portion,  the  septa 
being  represented  by  the  septal  ridges  on  the  calicinal  plates. 
The  base  rapidly  expanding  and  probably  covered  by  an  epi- 
theca.  Calicinal  surface  strongly  oblique  to  a  line  through  the 
axial  part  of  the  corallum,  but  this  may  not  be  a  specific  char- 
acteristic. Nothing  is  known  of  the  presence  or  absence  of  ta- 
bulae in  the  central  part  of  the  corallum. 

Compared  with  Chonophyllum  Canadense  from  the  Silurian 
of  Antieostia,  our  specimen  fails  to  show  the  abrupt  elevation  of 
the  rim  surrounding  central  depression.  Compared  with  Chon- 
ophyllum  nymphale  from  the  Silurian  of  the  Baie  des  Chaleurs, 
our  specimen  has  more  numerous  and  narrower  septal  ridges, 
the  base  of  the  central  depression  is  not  convexly  elevated,  and 
the  peripheral  part  of  the  calicular  expansion  is  not  convexly 
curved  as  far  as  the  margin  of  the  corallum,  but  on  the  contrary 
shows  a  slight  concave  curvature  as  in  the  corresponding  parts 
of  the  mammiliform  calicinal  expansions  of  certain  species  of 
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Arachnophyllum.  From  Vesicular ia  major  from  the  Silurian 
of  Point  Detour  and  Drummond  Island,  Michigan,  our  specimen 
is  distinguished  by  the  narrower  and  relatively  deeper  central 
depression  and  the  distinct  elevation  of  the  calicular  surface  on 
approaching'  the  rim  of  this  depression. 

Locality  and  position:  Along  the  road  north  of  Estill 
Springs,  north  of  Irvine,  Kentucky.  In  the  Waco  limestone 
layers,  of  Silurian  age. 

ARACHNOPHYLLL'M  ( STROMBODES)  GBANULOSUM,  N.  SP. 

Plate  3,  fig.  1. 

Corallum  compound,  explanate,  thin ;  only  a  part  of  the  cor- 
allum  is  preserved  in  the  specimen  figured,  and  this  shows  a  max- 
imum width  of  70  millimeters  and  a  thickness  of  scarcely  3  milli- 
meters. The  lower  surface  is  not  exposed.  Polyparia  opening 
above  in  shallow  calices  meeting  along  polygonal  outlines  rising 
but  slightly  above  the  middle  parts  of  the  calyx.  A  very  narrow, 
filiform  line  forms  a  border  between  the  calices;  this  line  is  inter- 
rupted at  intervals  by  minute  pits  or  pores,  situated  most  fre- 
quently at  the  ends  of  the  grooves  between  the  septal  ridges. 
Calices  about  7  to  10  millimeters  Avide  along  their  longer  diam- 
eters, and  from  6  to  7  millimeters  wide  transverse  to  this  direc- 
tion. Very  shallow  depressions,  from  which  the  septal  ridges 
radiate,  occur  in  an  excentric  position,  so  that  the  calices  have 
the  appearance  of  opening  obliquely  upon  the  surface.  It  is  not 
known  to  Avhat  extent  this  oblique  position  of  the  slight  de- 
pression is  characteristic  of  the  species.  Septal  ridges  average 
about  14  or  15  in  number.  These  begin  at  the  margins  of  the 
shallow  depressions  and  radiate  toward  the  margins  of  the  cal- 
ices; those  toward  the  nearest  or  rear  border  widen  rapidly  and 
are  more  triangular  in  outline;  those  toward  the  farther  or  an- 
terior border  are  more  nearly  linear;  those  on  the  sides  curve 
toward  the  anterior  border.  These  septal  ridges  are  quite  flat 
or  only  gently  convex  in  a  transverse  direction,  and  are  sepa- 
rated by  narrow  and  rather  shallow,  but  very  distinct  grooves. 
The  surfaces  of  these  septal  ridges  are  marked  by  very  minute 
granules.  Somewhat  coarser  granules,  very  irregularly  ar- 
ranged, occupy  the  excentric  depressed  area.  In  some  calices 
the  margins  of  the  depressed  areas  are  slightly,  or  even  distinctly 
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raised,  producing  the  effect  of  a  sharp  circular  border.  In  some 
cases  the  weathering  away  of  one  of  the  calicular  layers  leaves 
the  depressed  area  of  this  layer  distinctly  above  the  general  level 
of  the  next  lower  calicular  surface.  In  vertical  sections  the 
corallites  are  seen  to  consist  of  successive  calicinal  floors  sup- 
ported by  a  rather  coarse  vesicular  tissue,  the  cavities  of  which 
are  rather  wide  but  very  shallow.  Horizontal  tabulae,  closely 
arranged,  appear  to  cross  the  region  corresponding  to  the 
central,  depressed  part  of  less  excentric  calices,  but  this 
part  is  not  well  exposed  in  the  specimen  at  hand.  Among  the 
species  so  far  described,  this  coral  appears  most  nearly  related 
to  iStrombodes  alpenensis,  Rominger. 

Locality  and  position :  Half  a  mile  east  of  Waco,  Kentucky, 
where  the  road  to  Cobb  Ferry  turns  off  from  the  Irvine  pike. 
In  the  Waco  limestone  layers,  of  Silurian  age. 

ARACHNOPHYLLUM  (STROMRODES)  MAMILLARE-DLSTANS,  N.  v. 

Plate  3,  figs.  2A,  2B,  2C. 

Corallum  discoid,  flat,  with  mamiform  cones  representing 
the  centers  of  the  calices.  Basal  surface  covered  by  a  concen- 
trically wrinkled  epitheca,  and  with  a  small  central  point  of 
attachment;  in  some  specimens  the  epitheca  shows  also  traces 
of  radiating  stria?  which  in  width  resemble  the  septal  ridges 
on  the  upper  surface  of  the  corallum.  In  the  largest  specimen 
here  figured,  the  original  width  of  the  fragment  must  have  been 
at  least  200  millimeters;  the  thickness  between  the  mamiform 
cones  was  less  than  15  millimeters,  the  centers  of  the  mamiform 
cones  rising  in  some  cases  fully  20  millimeters  above  the  epithe- 
cal  layer.  At  the  top  of  each  mamiform  cone  there  is  a  well  de- 
fined pit  or  crater,  from  3  to  3.5  millimeters,  occasionally  4 
millimeters  in  diameter.  Within  this  pit,  about  18  radiating 
septa  extend  from  the  margin  to  a  small  central  elevation  or 
projection.  Near  the  margin  of  the  pit,  the  terminations  of 
about  the  same  number  of  short,  additional  septa  may  be  seen. 
From  these  septa  narrow  rugie  pass  over  the  margins  of  the 
pits  and  continue  as  approximately  equal  sized  linear  bands  in 
a  radiate  direction  from  the  pits  across  the  areas  between  the 
cones.  The  different  calicular  areas  are  not  separated  by  raised 
lines,  obtuse  elevations,  changes  of  slope,  or  any  other  definite 
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structure.  The  number  of  radiating  linear  bands  varies  from 
13  to  17  in  a  width  of  10  millimeters.  Their  surfaces  are  marked 
by  very  nMnute  granules.  Horizontal  sections  show  that  the 
radiating  septa  do  not  extend  beyond  the  margin  of  the  pit». 
Vertical  sections  show  the  presence  of  a  vesicular  structure  con- 
sisting of  nearly  horizontal  lamellae  resting  upon  each  other 
at  irregular  intervals;  this  structure  is  characteristic  of  by  far 
the  greater  part  of  the  corallum,  being  absent  only  in  the  central 
areas  of  the  calices  among  the  septa.  Between  the  septa  there 
are  indications  of  dissepiments.  The  corallum  is  formed  by  a 
succession  of  numerous  thin  and  closely  applied  calicinal  layers, 
which  show  the  radiating  linear  bands  even  on  the  inferior  sur- 
face. 

In  the  bed  of  a  little  stream  a  quarter  of  a  mile  south  of 
Indian  Fields  a  specimen  was  found.  45  millimeters  thick  and 
230  millimeters  wide. 

This  variety  differs  from  typical  forms  of  Arachnopliyllum 
mamillare  in  the  smaller  diameters  of  the  calicinal  pits  and  the 
greater  distance  between  the  mamiform  cones. 

Locality  and  position :  Along  the  road  south  of  the  railroad, 
a  short  distance  east  of  Panola  station ;  also  a  quarter  of  a  mile 
east  of  the  home  of  Brown!  ow  Bruner,  north  of  the  creek,  along 
a  road  a  mile  southeast  of  Indian  Fields,  crossing  the  railroad 
and  joining  the  road  from  Indian  Fields  to  Clay  City;  also  a 
quarter  of  a  mile  south  of  Indian  Fields.  At  all  localities,  from 
the  Waco  limestone  layers,  of  Silurian  age.  Figures  2A  and 
2C  represent  specimens  from  Panola;  figure  2B  represents  a 
specimen  from  the  Brownlow  Bruner  locality. 

A  small  variety  of  Arachnophyllum  mamillare,  which  may 
be  known  as  Arachnophyllum  mamillare-wilmin'gtonensis,  oc- 
curs at  Wilmington,  and  at  other  localities  in  the  Dayton  lime- 
stone of  Ohio.  This  is  the  earliest  representative  of  the  species. 
The  central  pits  of  the  mamiform  cones  have  a  diameter  of  1.5 
millimeters;  the  distance  between  the  centers  of  the  cones  usu- 
ally varies  between  6  and  8,  occasionally  10,  millimeters.  The 
septal  rugae  radiating  from  the  mamiform  cones  across  the  inter- 
calicular  spaces  number  about  8  or  9  in  a  width  of  3  millimeters. 
This  species  was  described  as  Lyellia  striata,  by  IT.  P.  James, 
in  his  Paleontologist,  page  10,  in  1878.  It  was  formerly  iden- 
tified also  as  Stroinbodes  pygmaeus,  Rominger,  in  tlie  Bulletin 
of  Denison  University,  volume  3,  page  120,  in  1888. 
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CYSTIPHYLLUM  SPINULOSUM,  N.  SP. 

Plate  5,  figs.  1A-1K. 

Corallum  simple;  moderately  curved-  or  nearly  straight. 
Length  of  specimens  found  so  far  less  than  50  millimeters.  Ex- 
terior of  corallum  covered  by  an  epitheca  which  is  marked  by 
longitudinal  grooves,  dividing  the  surface  into  low,  narrow  lin- 
ear ridges  as  in  species  having  conspicuous  septa;  septa,  how- 
ever, obsolete.  Of  these  longitudinal  ridges,  about  six  occur 
in  a  width  of  5  millimeters.  Exterior  also  with  fine  trans- 
verse, radiating  strife.  Epitheca  frequently  absent,  owing  to 
weathering.  In  that  case  the  vesicular  structure  is  well  ex- 
posed. Blister-like  cavities,  large  and  conspicuous,  frequently 
5  millimeters  long  and  of  equal  or  even  greater  width.  The 
plates  forming  this  vcs-iculose  structure  are  convex  above  but 
concave  as  seen  on  the  side  of  weathered  surfaces  of  the  coralla, 
since  they  curve  upward  and  outward.  The  concave  surface  of 
these  plates  is  marked  by  low  longitudinal  striations  which  cor- 
respond in  frequency  to  the  septal  striae  on  the  exterior  of  the 
corallum.  Calyx  only  partially  exposed  in  the  larger  specimens 
at  hand,  apparently  of  moderate  depth;  formed  by  the  convex 
sides  of  the  uppermost  layer  of  plates.  In  most  specimens  the 
convex  side  of  these  plates  as  exposed  in  the  caljTx  is  covered 
with  coarse  granules  interspersed  with  smaller  granules;  these 
may  take  the  place  of  the  obsolete  septa;  in  a  few  specimens 
they  are  arranged  in  approximately  radiate  lines ;  in  others  this 
arrangement  can  not  be  readily  detected.  While  the  usual  ap- 
pearance of  these  markings  on  the  upper  side  of  the  plates  is 
that  of  coarse  granules,  on  well-preserved  specimens  they  fre- 
quently are  detected  as  short  spines  fully  a  millimeter  in  length. 
These  spines  have  been  seen  in  so  many  specimens  that  it  is  evi- 
dent either  that  the  coarse  granules  of  weathered  specimens 
represent  the  bases  of  the  weathered  spines,  or  that  both  spines 
and  coarse  granules  occur  in  this  species. 

This  species  may  be  distinguished  by  the  coarsely  vesicular 
structure,  the  septal  striations  on  the  lower  side  of  the  plates, 
and  the  coarse  granules  and  short  spines  on  the  upper  side. 

Locality  and  position :  All  the  specimens  figured  except  that 
represented  by  figure  1C,  were  found  along  the  road  north  of 
Est.ill  Springs,  north  of  Irvine,  Kentucky;  figure  1C  represents 
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a  specimen  found  half  a  mile  east  of  Waco,  where  the  road  to 
Cobb  Ferry  turns  off  from  the  pike  to  Irvine;  specimens  occur 
also  east  of  Panola,  along  the  road  south  of  the  railroad.  In 
the  Waco'  limestone  layers,  of  Silurian  age. 

CALOSTYLIS  SPONGIOSA,  N.  SP. 

Plate  7,  figs.  3A-3G,  and  Plate  8,  figs.  1A-1B. 

Corallum  sponge-like  in  appearance  but  provided  with  a  dis- 
tinct although  very  thin  epitheca  which  usually  is  absent  along 
the  upper  part  of  the  corallum,  and  often  even  from  almost  the 
entire  corallum,  possibly  due  to  removal  by  weathering.  Coral- 
la  simple,  attached  at  the  base,  forming  irregular  cylindrical 
or  moderately  conical  growths.  Septa  numerous,  the  upper 
edges  within  the  calyx  irregularly  toothed  or  crenulated;  not 
readily  distinguishable  near  the  center  of  the  calyx,  where  they 
form  a  spongy  mass,  but  not  a  distinct  coiumella.  Septa  per- 
forated by  numerous  small  openings  or  pores,  and  therefore 
cribiform.  The  sides  of  adjacent  septa  are  attached  to  each 
other  by  numerous  short,  thin,  irregular,  rod-like  bodies,  called 
synapticula. 

In  the  specimen  represented  by  figure  3A,  there  are  about 
45  primary  septa  which  may  be  traced  down  the  walls  of  the 
calyx,  but  are  replaced  at  the  bottom  of  the  calyx  by  a  spongy 
structure  not  showing  definite  arrangement.  Along  the  outer 
part  of  the  corallum,  secondary  septa  alternate  with  these  pri- 
mary ones.  In  figure  3B,  there  are  35  primary  septa,  with  an 
{equal  number  of  secondary  septa  along  the  exterior  of  the  speci- 
;rnen.  In  specimens  having  the  diameter  shown  by  figures  30, 
3D,  3E  and  3G,  the  number  of  primary  and  secondary  septa  is 
about  90.  In  some  specimens  the  septa  are  sharply  defined  and 
are  distinctly  perforated.  In  other  specimens  the  structure  is 
more  confused  and  the  term  spongy  septa  appears  to  be  more 
descriptive.  Possibly  this  spongy  appearance  is  due  largely  to 
the  secondary  septa.  In  the  central  part  of  the  corallum  the 
sclerites  and  synapticula  form  a  confused  sponge-like  structure. 
Epitheca  very  thin;  longitudinal  septal  rugse  not  distinct  in 
most  specimens;  transverse  concentric  stria?  and  wrinkles 
present. 

The  species  here  described  assumes  numerous  forms.     Some 
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of  them,  beginning  with  a  narrow  pointed  base,  expand  rapidly 
into  curved  turbinate  coralla  as  in  species  of  Zaphrcntis  and 
Ci/atltopliyllum.  In  some  cases  the  growth  isi  more  sub-cylindri- 
cal. In  other  specimens  the  coralla  are  attached  by  rather  broad 
bases  to  some  other  body,  producing  broad  coralla  of  moderate 
height.  The  illustrations  here  presented;  show  some  of  these 
variations. 

Our  specimens  are  closely  related  to  the  type  species,  Calo- 
stylis  dcnticulata,  Kjerulf,  from  the  Silurian  of  Gotland, 
Sweden,  from  which  it  differs  chiefly  in  the  more  numerous 
septa,  in  the  distinctly  smaller  septal  pores,  and  in  the  absence 
of  branching,  even  in  case  of  the  largest  coraila.  Species  of 
Calostylis  have  been  described  also  from  the  Silurian  of  Eng- 
land. The  exact  affinities1  of  this  genus  are  still  in  dispute. 
Zittel  placed  it  among  the  perforated  madreporoid  Hcxacomlla, 
while  Koken  and  Neumayr  considered  it  an  aberrant  type  of 
the  rugose  QuadricoraUa. 

Locality  and  position :  The  specimens,  here  figured  are  all 
from  along  the  road  north  of  Estill  Springs,  north  of  Irvine, 
Kentucky ;  specimens  occur  also  east  of  Panola,  along  the  road 
south  of  the  railroad ;  and  half  a  mile  east  of  Waco,  where  the 
road  to  Cobb  Ferry  starts  off  from  the  pike  to  Irvine ;  two  miles 
southwest  of  Clay  City,  along  the  road  immediately  north  of 
Tipton  Ferry ;  one  mile  southeast  of  Indian  Fields,  south  of  the 
railroad,  facing  the  creek,  wrhere  the  road  from  Kiddville  joins 
the  road  from  Indian  Fields  to  Clay  City.  In  the  Waco  lime- 
stone layers,  of  Silurian  age. 

The  enlargements  on  plate  8  show  traces  of  the  synapticula 
and  of  the  porous  structure. 

PEXTAMERUS  OBLOXGUS. 

Plate  1,   fig.  2. 

In  NewT  York  this  species  is  not  known  outside  of  the  Clinton 
fauna.  In  Ohio  its  first  appearance  is*  in  the  Dayton  limestone, 
but  here  it  is  very  rare.  It  occurs  abundantly  in  the  Springfield 
and  Cedarville  limestones. 

The  specimen,  here  figured  is  from  the  Dayton  limestone, 
about  two  miles  west  of  Peebles,  along  the  railroad.  The  speci- 
men is  symmetrical,  but  wras  inclined  so  as  to  show  the  details 
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better  in  a  photograph.  The  largest  fragment  found  at  this 
locality  indicates  a  specimen  originally  about  100  millimeters 
long;  the  trilobation  of  the  valves  is  distinct,  the  outline  of  the 
shell  more  nearly  resembling  the  form  found  in  the  Springfield 
and  Cedarville  limestones  of  Ohio  than  those  predominating  in 
the  Clinton  of  New  York.  The  specimen  here  figured  is  an 
interior  cast  showing  the  length  of  the  median  septum  of  the 
pedicle  valve.  In  addition  to  the  more  distinct  lobes,  there  are 
indistinct  narrow  folds,  much  less  distinct  than  those  of  Penta- 
merus  oblongus-ltismuatus  from  the  Silurian  of  Wisconsin. 

Locality  and  position :  Two  miles  west  of  Peebles,  in  Adams 
county,  Ohio.  In  the  Dayton  limestone,  overlying  the  ferrugin- 
cus  layers  of  the  Clinton.  This  horizon  has  not  been  traced 
into  Kentucky  as  yet,  but  it  probably  corresponds  approximately 
to  the  Oldham  limestone  forming  the  upper  part  of  the  Indian 
Fields  formation,  directly  beneath  the  Alger  clay. 

STRICKLANDIXIA  NOUWOODI,  x.  SP. 

Plate  1,  figs.  1A-1D. 

The  generic  position  of  this  shell  is  uncertain  since  the  struc- 
ture of  the  interior  is  only  very  imperfectly  known,  but  the  ex- 
terior form  and  the  nearly  obsolete  bilaterally  diverging  plica- 
tions resemble  those  of  Stricklandinia  daridsoni  as  figured  by 
Billings. 

Shells  rather  large,  elongate-oval,  with  a  hinge-line  varying 
apparently  between  moderately  curved  and  nearly  straight.  As 
far  as  may  be  determined  from  the  specimens  at  hand,  the  hinge 
area  of  both  valves  is  imperfectly  exposed,  if  at  all,  the  umbonal 
regions  of  the  pedicle  valves  being  more  convex,  and  the  beak 
more  incurved.  Both  valves  moderately  convex,  the  convexity 
of  the  pedicle  valve  a  little  greater.  It  is  estimated  that  the 
total  thickness  of  a  shell  38  millimeters  in  width  is  about  15 
millimeters.  Pedicle  valve  with  a  shallow  median  depression, 
beginning  at  the  beak,  where  it  is  narrow,  and  extending  forward 
and  widening  toward  the  middle  of  the  shell.  In  some  speci- 
mens this  median  iippression  disappears  anteriorly,  in  others  it 
becomes  broader  though  remaining  shallow.  The  brachial 
valve  is  marked  by  a  low  median  elevation,  narrow  at  the  beak, 
becoming  broader  anteriorly.  As  far  as  the  middle  of  the  shell, 
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this  median  impression  often  is  bordered  on  each  side  by  a  very 
shallow  depression,  giving  greater  distinctness  to  the  elevation. 
Toward  the  anterior  margin  of  the  shell,  however,  both  the  eleva- 
tion and  the  bordering  depressions  are  likely  to  become  indis- 
tinct. B'oth  valves  comparatively  smooth,  but  showing  traces  of 
nearly  obsolete  broad  radiating  plications.  The  latter  are  some- 
times crossed  by  additional  plications  having  a  distinctly  bi- 
symmetrical  arrangement,  apparently  curving  from  the  median 
part  of  the  shell  somewhat  forward  and  more  strongly  toward 
the  lateral  part  of  the  shell,  so  as  to  cross  the  nearly  obsolete 
radiating  plications.  In  the  specimen  represented  by  figure  ID 
the  radiating  plications  are  readily  seen  when  the  valve  is  held 
at  the  proper  angle.  In  specimens  represented  by  figures  1A  and 
1C  the  bilaterally  divergent  crossing  plications  are  seen. 

In  one  of  the  pedicle  valves,  broken  off  at  the  beak,  is  seen 
a  cross-section  of  a  V-shaped  structure  supported  by  a  vertical 
plate  resting  on  the  inner  side  of  the  valve.  This  is  inter- 
preted as  a  spondylium  resting  on  a  median  septum.  In  a  cast 
of  the  interior  of  this  valve  this  septum  appears  to  have  ex- 
tended to  a  point  8  millimeters  anterior  to  the  hinge-line.  The 
spondylium  appears  to  have  been  folded  so  as  to  form  a  V-shaped 
groove  and  to  have  extended  forward  and  away  from  the  umbonal 
part  of  the  shell.  The  spondylium  was  short,  probably  8  milli- 
meters or  less  in  length. 

The  cast  of  the  interior  of  a  brachial  valve  shows  two  short 
grooves  extending  from  the  beak  forward  for  a  distance  of  5 
millimeters,  slightly  diverging,  their  anterior  ends  about  a  milli- 
meter and  a  half  apart.  On  the  exterior  side  of  each  groove 
the  cast  is  slightly  raised,  forming  a  short  narrow  ridge.  Im- 
mediately anterior  to  these  nearly  parallel  grooves  the  posterior 
ends  of  two  narrow  muscular  scars  apparently  are  found.  This 
structure  of  the  brachial  valve  apparently  agrees  best  with  that 
shown  by  Btricldandinia,  castellana  from  the  Silurian  of  Iowa, 
as  figured  by  Hall  and  Clarke,  in  the  eighth  volume  of  the 
Paleontology  of  New  York,  plate  73,  figure  7. 

Locality  and  position:  All  of  the  specimens  figured  were 
found  about  five  and  a  half  miles  south  of  Indian  Fields,  along 
the  road  to  Vienna,  a  short  distance  south  of  the  culvert  south- 
east of  the  home  of  J.  T.  Elkins.  Similar  specimens  are  abund- 
ant three  miles  south  of  Indian  Fields,  east  of  Long  Branch ;  a 
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mile  west  of  Indian  Fields,  west  of  Howard  Creek,  along  the 
railroad ;  three  miles  southwest  of  Clay  City,  along  Plum  creek ; 
along  the  road  north  of  Estill  Springs,  north  of  Irvine;  along 
the  railroad  between  Brassfield  and  Panola,  and  elsewhere.  The 
last  named  locality  shows  good  exposures  at  the  proper  horizon, 
although  the  best  specimens  found  so  far  came  from  the  J.  T. 
Elkins  locality.  The  species  occurs  widely  distributed  at  the 
top  of  the  Oldham  limestone  layers.  The  Oldhain  limestones 
are  typically  exposed  aong  the  railroad  following  the  north  side 
of  the  valley  of  Oldham  creek,  between  Brassfield  and  Panola, 
and  here  the  species  may  be  found  readily.  It  is  the  most  char- 
acteristic and  most  widely  distributed  shell  of  the  Oldham  lime- 
stones studied  so  far.  I  take  great  pleasure  in,  naming  it  after 
the  present  head  of  the  Geological  Survey  of  Kentucky,  Prof. 
C.  J.  Norwood,  to  whom  I  am  under  obligation  for  encourage- 
ment and  assistance. 

Figures  1A,  1C  and  ID  represent  pedicle  valves;  figure  IB 
represents  a  brachial  valve ;  figure  ID  was  taken  from  the  shell ; 
the  other  figures  were  taken  from  the  natural  casts  of  the  in- 
terior. 

WHITFIELDELLA  SUBQUADRATA,  FOERSTE. 

Plate  1,  figs.  3A-3F. 

Shells  abundant  in  the  form  of  casts  of  the  interior  showing 
the  muscular  scars  and  the  impressions  of  the  teeth  and  other 
structures  along  the  hinge-line.  It  is  closely  related  to  Whit- 
fieldella  cylindrica,  and  may  be  regarded  merely  as  a  variety 
of  the  latter.  Compared  with  typical  forms  of  Whitfieldella 
cylindrica,  however,  it  is  a  much  more  robust  shell,  less  elongate, 
broader  at  the  beak,  with  no  median  depression  along  the  pedicle 
valve  and  with  no  sinuate  flexure  of  the  shell  on  approaching 
the  anterior  outline.  The  name  siibquadrata  was  suggested  by 
shells  having  the  outline  represented  by  figure  3B  of  which  3A 
is  a  cardinal  view,  with  the  pedicle  valve  on  the  lower  side.  Sub- 
sequently shells  having  a  more  oval  outline  Avere  found  to  be 
not  rare  so  that  the  name  originally  suggested  has  lost  its  value 
as  a  descriptive  designation  of  the  species. 

Interior  casts  cf  the  pedicle  valve  strongly  marked  by  a 
strongly  elevated  triangular  cast  of  the  deep  diductor  muscular 
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scar,  on  each  side  of  which  are  a  series  of  parallel  transverse 
ruga?,  occupying  the  area  in  other  shells  often  showing  ovarian 
marking's.  The  cast  of  the  brachial  valve  shows  the  presence 
of  a  deeply  concave  lunge  plate  anterior  to  which  is  a  short  me- 
dian septum. 

Locality  and  position:  All  of  the  specimens  figured  were 
obtained  about  four  miles  west  of  Berea,  along  the  lower  part 
of  Rocky  Branch.  The  species,  however,  is  widely  distributed 
along  the  eastern  side  of  the  Cincinnati  geanticline,  from  Spen- 
cer, Kentucky,  to  Stamford,  and  again  along  the  lower  part  of 
Fishing  creek  and  along  the  Cumberland  river,  at  the  mouths 
cf  Forbush  and  Little  Cub  creeks,  within  twenty  miles  toward 
the  west  of  Somerset,  Kentucky.  It  is  the  most  characteristic 
shell  of  the  limestone  layers  immediately  overlying  the  Brass- 
iield  limestone  and  forming  the  base  of  the  Indian  Fields  forma- 
tion, just  beneath  the  clays  of  the  Plum  creek  horizon. 

WHITFIELDELLA  QUADRANGULARIS.  FOERSTE. 
Plate  1,  figs.  4A,  4B,  40. 

This  shell  may  be  regarded  as  a  variety  of  Whitfieldella 
crassirostra,  from  the  Silurian  of  New  York,  but  the  shell  is 
somewhat  broader  at  the  hinge-line  and  the  anterior  margin  is 
not  strongly  sinuate,  the  median  depression  of  the  pedicle  valve 
being  rather  slight.  This  depression,  as  a  rule,  is  seen  only 
along  the  anterior  half  of  the  pedicle  valve.  A  very  faint, 
scarcely  distinguishable  median  depression  sometimes  occurs 
along  the  corresponding  parts  of  the  brachial  valve.  It  is  a 
much  less  robust  shell  than  Whitfieldella  subquadrata,  to  which 
it  is  evidently  closely  related. 

Locality  and  position :  All  of  the  specimens  figured  were 
obtained  northeast  of  Duncansville,  east  of  Sprows  bridge,  up  a 
ravine  on  the  north  side  of  the  road,  38  feet  above  the  base 
of  the  Clinton,  in  Adams  county,  Ohio.  Similar  specimens  were 
found  in  the  western  part  of  the  county,  south  of  Winchester. 
It  should  occur  in  the  northern  part  of  Kentucky,  but  has  not 
been  discovered  as  yet. 

CHONETES  VETUSTA,  N.  SP. 

Largest  ventral  or  pedicel  valve  about  15  millimeters  wide 
and  6  millimeters  long,  gently  convex :  surface  marked  by  about 
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60  or  70  radiating  striae;  hinge  line  with  rather  long  and  di- 
vergent flmbriate  spines,  the  longest  about  1.5  millimeters  in 
length.  None  of  the  specimens  show  all  of  the  spines,  but  their 
number  is  probably  about  2  or  3  on  each  side  of  the  beak. 

Apparently  a  distinct  species,  differing  from  Chonetes  cor- 
nuta,  Hall,  and  Clionctes  undulata,  Hall,  in  the  greater  number 
of  radiating  stria?.  CJtonetcs  tenuistriatd,  Hall,  is  about  of  the 
same  size,  but  has  nearly  100  stride.  Chonctes  nocascotica,  Hall, 
is  a  larger  shell,  with  more  than  100  striae,  with  4  or  5  rather 
short  cardinal  spines  on  each  side  of  the  beak,  and,  often,  with 
a  flattened  or  slightly  concave  space  down  the  middle  of  the 
valve.  Chonetes  novascotiea-imldroncn.sis  usually  is  a  smaller 
shell,  with  2  or  3  rather  long  cardinal  spines,  and  with  the 
median  striation  characteristically  prominent. 

Locality  and  position :  In  the  shaly  limestone,  at  the  top  of 
the  Alger  clay,  of  Silurian  age,  up  the  hill,  north  of  the  home 
of  Alfred  Huffman,  less  than  a  mile  west  of  Valley,  about  8  miles 
west  of  Vanceburg,  Kentucky. 

ISOCHILINA   PANOLEXSIS,   N.   SP. 

A  large  species  of  Ostracod  is  characteristic  of  the  Waco 
limestone  in  East-Central  Kentucky.  It  is  most  closely  related 
to  Isoohilina  gmndis-latimargmata,  Jones,  from  the  Silurian 
of  Lake  Winnepegosis  and  the  Saskatchewan  river  of  Canada. 
There  is,  however,  scarcely  a  perceptible  trace  of  an  ocular 
tubercle  or  of  a  sulcus.  The  dorsal  margin  is  straight,  and  the 
dorsal  angles  are  definite,  although  very  obtuse.  There  is  no 
slight  emargination  of  the  anterior  and  posterior  margins  .last- 
before  reaching  the  dorsal  line,  as  in  Isochilina  grandis-latlmar- 
ginata,  but  in  other  respects  the  outline  is  closely  similar,  al- 
though, in  some  specimens,  the  greatest  convexity  of  the  pos- 
terior margin  is  slightly  nearer  the  ventral  border. 

Our  specimens  are  smaller  than  Isoeliilina  cfrandis-latimar- 
ginata;  the  usual  length  is  8  millimeters,  but  some  specimens  10 
millimeters  long  are  found.  The  ventral  border  of  the  left 
valve  is  deflected  strongly  downward  along  the  entire  length 
of  the  valve,  making  an  angle  of  about  80  or  85  degrees  wi  th  the 
general  plane  of  the  valve.  In  one  specimen  the  width  of  this 
deflected  border  is  fully  .75  millimeters,  bui  this  width  climin- 
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ishes  gradually  toward  the  anterior  and  posterior  margins.  Held 
at  a  favorable  angle,  a  slight  elevation  of  the  margin  of  the  up- 
per surface  of  the  valve  may  be  seen  just  before  reaching  the 
deflected  border.  The  valves  are  convex,  the  convexity  being 
distinct!}-  greater  at  a  point  about  two-fifths  of  the  length  of 
the  shell  from  the  anterior  margin.  From  this  area  the  shell 
slopes  rather  evenly  to  the  anterior  and  posterior  margins,  or 
is  faintly  concave  just  before  reaching  the  slightly  elevated, 
very  narrow  rim.  There  is  no  flat  marginal  rim  distinctly 
defined  from  the  general  convexity  of  the  main  body  of  the 
valve,  as  in  Isochilina  grandis-latimarginata. 

Length  of  hinge-line  of  left  valve,  5.3  millimeters;  greatest 
length  across  middle  of  valve,  7.8  mm. ;  greatest  vertical  diame- 
ter across  middle  of  valve,  5mm.  Some  specimens  attain  a 
length  of  10  millimeters.  Surface  smooth.  Most  of  the  valves 
found  are  left  valves.  One  of  the  right  valves  differs  in  form, 
having  a  more  oblique  ventral  margin.  Its  dimensions  are : 
Length  of  hinge-line,  4.1  millimeters;  greatest  length  of  shell, 
7.5  mm. ;  width  across  posterior  third  of  valve,  5.4  mm. ;  width 
across  anterior  third,  4.6  mm. 

Locality  and  position :  Rather  abundant  at  Panola,  east  of 
the  station,  south  of  the  railroad;  found  also  north  of  Irvine, 
east  of  the  road  passing  Estill  Springs,  a  short  distance  before 
reaching  White  Oak  creek.  Characteristic  of  the  Waco  lime- 
stone horizon. 

BEYRICHIA  LATA-TRIPLICATA,  NOV.  VAR. 

In  the  Paleontology  of  New  York,  volume  2,  page  301,  pub- 
lished in  1852,  Prof.  James  Hall  published  descriptions  of  a 
species  of  Bollia  and  of  a  species  of  B'eyrichia  under  the  same 
name  Beyrichia  lata,  erroneously  regarding  these  distinct 
species  as  opposite  valves  of  the  same  species.  Of  these  species 
the  Beyrichia  is  described  first,  but  on  plate  A66  the  Bollia 
is  figured  first.  In  the  catalogue  of  types  and  figured  specimens 
in  the  American  Museum  of  Natural  History,  at  New  York, 
Whitfield  and  Hovey  have  referred  all  of  the  types  to  Bollia 
lata.  Hall.  We  prefer  to  apply  the  name  Bollia  lata  to  the 
species  represented  by  figure  lOb;  and  to  use  also  the  name 
Beyrichia  lata,  Hall,  restricting  this  designation  to  the  species 
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illustrated  by  figures  lOc,  d,  e,  of  plate  A66.  With  this 
interpretation,  Beyrichia  lata,  Hall,  differs  from  Beyrichia 
sequilatera,  Hall,  chiefly  in  the  much  narrower  marginal  border, 
elevated  so  as  to  form  a  narrow,  distinctly  defined  rim.  Bey- 
richia lata  seems  to  be  a  distinctly  larger  species  than  Bey- 
richia sequilatera.  Prof.  Rupert  T.  Jones,  in  Part  III  of  the 
Contributions  to  Canadian  Micro-Paleontology,  published  in 
1891,  described  one  specimen  as  having  a  length  of  1.5  mm. 
The  figure  of  Beyrichia  lata,  in  figure  lOa,  on  plate  AGO,  of  the 
Paleontology  of  New  York,  however,  is  fully  2.75  mm.  long. 

In  the  upper  part  of  the  Alger  clay  in  Lewis  county,  Ken- 
tucky, southwest  of  Vanceburg,  at  Yalley  opposite  the  home 
of  W.  A.  McEldowney,  a  species  of  Beyrichia  occurs  in  thin 
plates  of  argillaceous  rock  interbedded  with  the  clays.  The 
same  species  of  Beyrichia  occurs  also  up  the  hill,  back  of  the 
home  of  Alfred  Huffman,  and  at  other  localities  at  the  same 
horizon,  along  the  road  to  the  W.  H.  Lawrence  store.  This 
species  of  Beyrichia  varies  in  length  from  2.5  to  3  millimeters. 
In  the  best  preserved  specimen,  a  right  valve,  the  length  is 
2.5  mm. ;  height,  1.8  mm.  This  species  is  closely  related  to 
Beyrichia  lata,  Hall,  but  differs  in  having  a  distinctly  shorter 
hinge-line,  about  1.9  or  2  millimeters  in  a  valve  2.5  millimeters 
long.  The  anterior  and  posterior  dorsal  angles,  instead  of  being 
approximately  rectangular,  are  very  obtuse,  owing  to  the  convex 
outline  of  the  anterior  and  posterior  margins.  The  narrow 
marginal  rim  is  distinct,  and  is  separated  from  the  body  of  the 
valve  by  a  narrow  groove.  The  body  is  trilobate.  Of  these  lobes, 
the  central  is  the  narrowest ;  the  anterior  lobe  is  only  slightly 
larger,  but  the  posterior  lobe  is  considerably  larger.  All  of 
these  lobes  rise  to  approximately  the  same  elevation,  and  are 
separated  by  deep  grooves.  The  middle  lobe  narrows  ventrally 
and  approaches  to  within  a  short  distance  of  the  groove  within 
the  marginal  rim,  being  separated  from  this  groove  only  by  the 
very  narrow  ridge  connecting  the  anterior  and  posterior  lobes. 
If  the  New  York  specimens  have  been  figured  correctly,  our 
specimens  form  a  distinct  variety,  distinguished  by  the  greater 
curvature  of  the  anterior  and  posterior  outlines  of  the  valve*, 
resulting  in  a  shorter  hinge  line. 

Locality  and  position:  Near  top  of  Alger  clay,  at  various 
localities  in  Lewis  county,  Kentucky,  from  Yalley  westward 
as  far  as  the  Lawrence  store. 
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PLATE  1. 

Figs.  1A-1D.    STRICKLANDINIA  NORWOOD^  nov.  sp. 

A,  C,  D.    Views  of  natural  casts  of  pedicle  valves. 

B.  Cast  of  brachial  valve. 

A  and  C  show  the  characteristic,  very  faint,  bilaterally  diver- 
gent wrinkles;  1)  shows  the  very  faint  radiating 
wrinkles.  In  C,  the  anterior  outline  is  not  preserved 
and  the  original  specimen  may  have  been  longer.  The  an- 
terior outline  of  D  is  restored  also.  B  shows  the  slight 
median  elevation  of  the  brachial  valve.  There  is  a  corre- 
sponding slight  median  depression  in  the  pedicle  valves,  not 
well  shown  in  any  of  the  figures. 

Oldham  limestone,  near  the  top;  Silurian;  found  along  the 
road  to  Vienna,  five  and  a  half  miles  south  of  Indian  Fields, 
near  the  home  of  J.  T.  Elkins,  in  Madison  county,  Kentucky. 
Fig.  2.     PENTAMERUS  OBLONGUS^  Sowerby. 

Pedicle  view,  showing  the  long  septum  (which  supports  the 
spondylium  in  this  genus). 

Dayton  limestone,  overlying  the  rock  identified  as  Clinton  in 
Ohio.    Found  along  the  railroad,  two  miles  west  of  Peebles, 
in  Adams  county,  Ohio. 
Figs.  3A-3F.    WHITPIEDELLA  SUBQUADRATA,  Foerste. 

A.  Internal  cast  of  shell  near  the  hinge ;  cast  of  brachial 
valve  in  upper  part  of  figure,  cast  of  pedicle  valve  in  lower 
part.     The  latter  shows  the  cast  of  the  deep  muscular  de- 
pression and  the  strong  corrugations  of  the  shell  on  both 
sides  of  this  depression ;  these  features  are  seen  also  in  3B 
and  3D. 

B.  E,  F.    Views  of  the  casts  of  the  pedicle  valves. 

C.  Cast  of  the  brachial  valve. 

D.  Lateral  view  of  cast;. with  pedicle  valve  on  right,  and 
brachial  valve  on  left. 

Found  at  base  of  Indian  Fields  formation,  Silurian ;  on  Rocky 

branch,  four  miles  west  of  Berea,  Ky. 
Figs.  4A-4C.    WHITFIELDELLA  QUADRANGULARIS,  Foerste. 

A.  Brachial  view. 

B.  Pedicle  view. 

C.  Lateral  view,  with  pedicle  valve  on  right.    Found  38  feet 
above  the  base  of  the  rock  identified  as  Clinton  in  Ohio; 
northeast  of  Duncansville,  in  Adams  county,  Ohio. 
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PLATE  2. 

Figs.  1A-1B.     FAVOSITES  GOTHLAXDICA,  Lamarck. 

A.  Upper  surface 

B.  Vertical  section,  showing  numerous  tabulae. 
Waco  limestone,  Silurian;  Irvine,  Ky. 

Fig.  2.     FAVOSITES  HISINGEKI-APLATA.  nov.  var. 
AYaco  limestone,  Silurian;  Irvine,  Ky. 

Fig.  3.     SYRIXGOLITES  HUROXEXSIS,  Hin<l<>. 

AVaco  limestone,  Silurian;  Tipton  Ferry,  Ky, 

Figs.  4A-4B.     FAVOSITES  DECLIXATA,  nov.  sp. 

A.  Upper  surface. 

B.  Lower  surface,  with  epitheca. 
Waco  limestone,  Silurian;  Irvine,  Ky. 
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PLATE  3. 

Fig.  1.    ARACHNOPHYLLUM     (STROMBODES)    GRANULOSUM, 
nov.  sp. 

Waco  limestone,  Silurian;  near  Waco,  Ky. 

Figs.  2A-2C.    ARACHNOPHYLLUM    (STROMBODES)    MAMILL- 
ARE-DISTANS,  nov.  var. 

A,  B'.     Crater  at  top  of  cone-shaped  prominences 

sharply  defined. 

C.     Crater  rounding  off  into  sides  of  cone. 
Waco   limestone,   Silurian;   2A,   2C,   Panola,   Ky. ; 
2B,  Brownlow  Bruner  locality,  Kentucky. 

Fig.  3.     HELIOLITES  SPONGIOSA,  nov.  sp. 

Waco  limestone,  Silurian ;  along  road  north  of  Estlll 
Springs,  near  Irvine,  Ky. 

Fig.  4.     HELIOLITES,  sp. 

Waco  limestone,  Silurian ;  road  north  of  Irvine,  Ky . 

Fig.  5A.    HELIOLITES  SUBTUBULATA-NUCELLA,  nov.  var. 

Waco  limestone,  Silurian.  A  small  form,  increas- 
ing in  height  without  much  lateral  expansion, 
from  Irvine,  Ky. 

Fig.  5B.     HELIOLITES  SFBTUBFLATA-DISTANS,  nov.  var. 

A  flat,  explanate  form,  from  the  AVaco  limestones, 
half  a  mile  east  of  AATaco,  Ky. 

Fig.  G.     LYELLIA  EMINULA,  nov.  sp. 

Waco  limestone,  Silurian;  along  road  north  of  Es- 
till  Springs,  north  of  Irvine,  Ky. 
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PLATE  4. 

Fig.  1.     LYELLIA,  sp. 

Flat  variety,  possibly  distinct  from  Lyellia  eminula. 
Enlarged  3  diameters.     Same  specimen  as  plate  5> 

figure  4. 
Waco  limestone,  Silurian ;  east  of  Waco,  Ky . 

Fig.  2.     SYRIXGOLITES  HUROXEXSIS,  Hinde. 

Enlarged  3  diameters.     Same  specimen  as  plate  2, 

figure  3. 

Waco  limestone,  Silurian;  Tipton  Ferry,  southwest 
of  Clay  City,  Ky. 

Fig.  3.     LYELLIA  EMIXTJLA,  nov.  sp. 

Enlarged  3  diameters.     Same  specimen  as  plate  3, 

figure  6. 
Waco  limestone,  Silurian ;  north  of  Irvine,  Ky . 

Fig.  4.     FAVORITES  DECLINATA,  nov.  sp. 

Enlarged  3  diameters.     Same  specimen  as  plate  2, 

figure  4 A. 
Waco  limestone,  Silurian;  along  road  north  of  Es- 

till  Springs,  north  of  Irvine,  Ky. 

Fig.  5.     FAVOSITES  HISIX'GERI-APLATA,  nov.  var. 
Enlarged  3  diameters. 

Waco  limestone,  Silurian;  along  road  north  of  Es- 
till  Springs,  north  of  Irvine,  Ky. 

Fig.  6.     HELIOLITES  SPOXGIOSA,  nov.  var. 

Enlarged  3  diameters.     Same  specimen  as  plate  3, 

figure  3. 
Waco  limestone,  Silurian;  north  of  Irvine,  Ky. 
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PLATE  5. 

Figs.  1A-1K.    CYSTIPHYLLUM  SPINULOSUM,  nov.  sp. 

A,  B,  C,  G.    Specimens  showing  the  general  form  of  the  cor- 

allum. 
A,  D,  F.     Specimens  showing  the  large  vesiculose  plates  or 

dissepiments  with  the  vertical  septal  ridges. 
A,  H,  J,  K.     Specimens  showing  the  septal  ridges  on  the  ex- 
terior of  the  epithecal  covering. 
E.     Specimens  showing  the  papillose  upper  surface  of  the 

vesiculose  plate®.     In  the  best  preserved  specimens  these 

are  preserved  a:Si  short  spines. 
Waco  limC'Stone,  Silurian.     All  except  1C  are  from  the  road 

north  of  Estill  springs,  north  of  Irvine,  Ky. ;  1C  was  found 

half  a  mile  east  of  Waco,  Ky. 

FigS1.    2A-2F.      LlNDSTROEMIA  LIXGULIFERA,  nOV.  sp. . 

A,  B,  D.  Views  of  base  of  calyx;  margin  of  calyx  not  pre- 
served. 

C.     Lateral  view,  showing  linguliform  process. 

E,  F.    Lateral  and  posterior  views. 

Waco  limestone,  Silurian;  2  A,  2B,  from  Panola,  Ky. ;  all  other 
specimens  from  along  road  north  of  Estill  Springs,  north 
of  Irvine,  Ky. 

The  linguliform  process  of  this  species  resembles  that  of  Lind- 
stroeniia  dalmani,  Edwarsds  and  Haime,  from  the  Upper 
Silurian  of  Gotland,  Sweden. 

FigS.    3A-3E.      POLYOROPHE  RADICULA,  DOV.  Sp. 

A,  B.  Enlarged  views  of  a  specimen  showing  the  septal  rows 
of  granules  on  the  upper  surface  of  the  tabula?.  Specimen 
cylindrical,  the  conical  appearance  due  to  the  angle  at 
which  it  was  photographed. 

C,  D,  E.    Lateral  views  of  typical  specimens. 

Fig.  4.     LYELLIA,  sp.,   flat  variety,   possibly  distinct  from  Lyellia 

eauinula. 

A  small  part  of  the  upper  surface,  enlarged. 
Waco  limestone,  Silurian ;  half  a  mile  east  of  Waco,  Ky. 

Fig.  5.     HELIOLITES,  SPONGIOSA,  nov.  sp. 

A  small  part  of  the  type  specimen  (plate  3,  figure  3),  enlarged. 
Waco  limestone,  Silurian;  north  of  Irvine,  Ky. 
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PLATE  6. 

Figs.  1A-1B.     MEEKOPORA  BASSLERI,  nov.  sp. 

A.  The  usual  form  of  the  fragments  found,  four- 
thirds  of  natural  size. 

B.  A    branching    frond,    with    the    sides    of    the 
branches  not  showing  the  usual  parallel  outlines. 

Waco  limestone,  Silurian ;  along  the  road  north  of  Es- 
till  Springs,  north  of  Irvine,  Ky. 

Figs.  2A-2F.     CYATHOPHYLLUM  DEXSISEPTATUM,  nov.  sp. 
A,  B,  C.     Views  of  typical  specimens. 
D,  E,  F.     Possibly  young  specimens  of  the  same 

species. 
Waco  limestone,  Silurian;  all  specimens  except  2E 

were  found  along  the  road  north  of  Estill  Springs, 

north  of  Irvine,  Ky. ;  2E  was  found  immediately 

east  of  Panola,  Ky. 

Figs.  3A-3C.     CYATHOPHYLLLTM  SEDENTARIUM,  nov.  sp. 

A.  The  typical  form,  showing  the  radiciform   ex- 
tensions of  the  epitheca  where  attached  to  a  hori- 
zontal object;  these  radiciform  extensions  some- 
times are  more  strikingly  developed. 

B,  C.     Specimens  showing  broad  dissepiments  stri- 
ated vertically  by  septal  strife  or  ridges,  the  septa 
being  absent.     This  structure  is  charateristic  of 
the  parts  nearest  the  epithecal  surface. 

Waco  limestone,  Silurian;  on  the  road  north  of  Es- 
till Springs,  north  of  Irvine,  Ky. 
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PLATE  7. 

Figs.  1A-1B.     ZAPHREXTIS  INTERTEXTA,  nov.  sp. 

A.  View  of  calyx. 

B.  Lateral  view. 

Waco  limestone,  Silurian;  along  road  north  of  Estill 
springs,  north  of  Irvine,  Ky . , 

Fig.  2.     CHONOPHYLLUM  SOLITARIUM,  nov.  sp. 

View  of  calyx;  margin  of  specimen  imperfectly  pre- 
served. 

Waco    limestone,    Silurian;    road    north    of    EstiU 
Springs,  north  of  Irvine,  Ky. 

Figs.  3A-3G.    CALOSTYLIS  SPOXGIOSA,  nov.  sp. 
A,  B,  C.     Views  showing  calyx. 
"D,  E,  F,  G.     Lateral  views  showing  epithecal  surface. 
F,  G.     Attached  by  broad  bases  to  other  fossils. 
Waco   limestone,   Silurian ;    road   north    of    Estill 
Springs,  north  of  Irvine,  Ky. 

Figs.  4A-4E.     ZAPHRENTIS  CHARAXATA,  nov.  sp. 

A,  D.     View  of  calyx,  and  lateral  view  of  same  speci- 
men; margin  of  calyx  preserved  only  along  the 
septal  fossette. 

B,  C.     Views  of  base  of  calyx,  sides  not  preserved. 
E.     View   of   exterior,    showing   the   characteristic 

markings  of  the  surface  when  slightly  worn. 
Waco  limestone,  Silurian;  along  road  north  of  Estill 
Springs,  north  of  Irvine,  Ky. 

Figs,  5A:5B.     ZAPHREXTIS  IXTERTEXTA-IRVIXEXSIS. 

A.  View  of  base  of  calyx,  sides  not  preserved. 

B.  Lateral  view,  walls  of  calyx  not  preserved. 
Waco    limestone,    Silurian;    road    north    of    Estill 

Springs,  north  of  Irvine,  Ky . 
.  5C-5E.     ZAPHREXTIS  IXTERTEXTA-JUVEXIS. 

C.  D.     Views  of  calyx,  walls  not  preserved. 

E.     Posterior  view  of  B,  showing  numerous  transverse 

stria'  crossing  the  low  vertical  ridges. 
Waco  limestone,  Silurian;  north  of  Irvine. 
The  position  of  the  septal  fossette  is  indicated  by  SF. 
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PLATE  8. 

Figs.  1A-1B.     CALOSTYLIS  SPOXGIOSA,  nov.  sp. 

Enlarged  3  diameters.  1A,  same  as  plate  3,  figure 
3D;  the  porous  structure  produced  by  the  junction 
of  the  synapticula  from  adjacent  septal  plates  is 
shown  in  the  upper  part  of  the  figure,  between  25 
and  35  millimeters  toward  the  left  of  the  upper 
right  hand  corner  of  the  figure.  IB,  same  speci- 
men as  plate  3,  figure  3G;  svnapticula  are  well 
shown  21  millimeters  below  the  top  of  the  figure, 
and  28  millimeters  from  the  right;  others  are 
shown  along  a  septal  ridge  30  millimeters  below 
the  top;  svnapticula  are  present  also  elsewhere  in 
the  figure,  but  their  relation  to  the  septal  plates  is 
not  well  brought  out  owing  to  the  angle  at  which 
the  specimen  was  illuminated. 
Waco  limestone,  Silurian;  north  of  Irvine,  Ky. 

Figs.  2A-2B'.  Duffin  limestone,  showing  the  brecciated  ap- 
pearance characteristic  of  this  rock  at  numerous 
exposures  in  central. Kentucky. 

A  small  part  of  the  metric  scale  used  by  scientists 
in  making  measurements  of  fossils  and  other  ob- 
jects is  here  added.  The  smallest  divisions  indi- 
cated are  millimeters.  Each  group  of  10  millime- 
ters forms  a  length  called  one  centimeter.  The 
centimeters  of  this  scale  are  numbered. 
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Albany  slip  clay,  analysis 27? 

Alger    formation 61 

See  also  Lulbegrud  clay,  Waco  limestone,  Estill  clay,  and  Flades  clay. 

Alkaline   springs 255 

Analyses 258 

Alluvial    clays 274 

Analyses     275,  276 

Alum  Springs,  analyses 260 

Analyses,  chemical. 

Ordovician  rocks 211 

Saluda  bed  at  Madison,  Indiana 213 

Upper  Richmond  near  Elliston 215 

Silurian  of  Kentucky. 

Clinton  or  Brassfleld  limestone 217 

Whitfieldella  layer 219 

Iron  ore,  usually  called  Clinton 221 

Plum  creek  clay 226 

Oldham    limestone,   unknown. 

Lulbegrud    clay 227 

Waco  limestone,  unknown. 

Estill    clay 228 

Flades  clay,  see  Estill  clay. 

Niagaran  limestone  above  Estill  clay 243 

Greenfield  or  Waterlime  limestone 243 


GENERAL  INDEX— Continued, 

Silurian  of  Ohio.  Page 
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Niagara    shale. .................................................  242 
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Devonian  formations. 

Kiddville  or  phosphatic  layer  with  fish  remains. .................  245 

Boyle  or  Devonian  limestone. ...*...............  244 

Duffin   limestone , .  248 

Base  of  Black  shale  series 251 

Ohio  Black  shale,  or  Chattanooga  shale 254 

Mississippian  or  Lower  Carboniferous. 

Phosphatic  nodules  at  base  of  Waverly 263 

Linnietta,  Bedford,  or  New  Providence  clay 263 

Waverly    sandstone 266 

Clay  in  Pennington  shale 267 

Tertiary  and  Alluvial  clays. 

Irvine    clay 268 

Four  miles  northwest  of  Irvine,  near  Winston 268 

Near  Bybeetown,  or  Portwood 270 

Near    Waco 269 

G.  S.  McKinney"  farm  clay,  used  by  Zittel  for  pottery. 272 

Adams  farm,  used  at  Searcy  for  roof  tile  mixture 273 

Mixture  used  at  Searcy  for  roof  tile 274 

So-called  fire  clay  from  Adams  farm,  used  at  Searcy 274 

Alluvial  Black  clay  from  Grinstead  farm ,.  275 

Alluvial  clay  used  for  tiling  and  brick  at  Moberly 276 

Typical  clays  for 

Stone    ware 231 

Vitrified  brick  and  tiling..... 232 

Terra   cotta 233 

Pressed    brick 233 

Roofing   shingle 281 

Albany  slip  clay 277 

Pottery   glaze 277 

Portland   cement 234,  236 

Natural    cement 253 

Mineral  waters  and  salts. 

Crab  Orchard  waters 238 

Crab   Orchard   salts 240 

Alkaline  and  saline  waters •. 258 

Epsom  and  Glauber  waters 259 

Salt   waters 260 

Alum    waters 260 

Copperas 254 

Chalybeate    waters 260 
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Black  river,  at  Ottawa,  Canada;  Lindstroemia  whiteavesi.  . . . , .. , . . . . , , , .  312 

Black  shale.     See  under  Devonian  Black  shale. 

Black    sulphur    waters .............................  258 
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Chemical  composition 244 

Fauna 80,  87 
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Fauna .30,  290,  312 

Outcrops  along  Cumberland  river 114 

Chemical    characteristics 217 

Water  supply , .  286 

Oil    horizon . . . ...... . . . . ......  290 
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Of  Waverly  clays.    See  Linnietta  clay ...*..,....<...........  265 

Manufacture   at   Searcy .......  279 
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Paving  brick  at  Searcy 282 

Bybeetown   or   Portwood   Po!tery   Company 276 

Carboniferous  formations;  area  of  outcrop  in  Kentucky..................  13 

Cements. 

Natural 252 

Portland 234 

Chagrin    formation .15, 102, 108, 112 

Chalybeate  waters,  analyses 260 

Chattanooga  black  shale.     See  Devonian  Black  shale. 

Chazy  limestone,  now  included  in  High  Bridge  formation. 

Chemical  analyses.    See  Analyses,  chemical. 

Cincinnatian  series,  table  of  formations ......,............*......     18 

Chemical  characteristics .;.............  211 

Water   supply 286 

Cincinnati    geanticline .....  19, 116 

Derivation  of  sediments  from 135 

Clays. 

Silurian.     See  under  Plum  creek,  Lulbegrud,   Estill,  Flades,  Alger, 

Osgood,  and  Waldron. 
Devonian.     See  under  Devonian  black   shale,  Olentangy  shale,   and 

Chagrin  formation. 

Waverly.     See  under  Linnietta  clay  and  Pennington  shale. 
See,  also,  under  Analyses,  chemical. 
Economic    uses 231, 265 
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Crab   Orchard   salts 236 

Manufacture    of 239 

Chemical  composition  of . . .' 240 

Crab   Orchard   waters 236 

Chemical    analyses 239 

Distribution    of 240 

Influence  on  water  supply 285 

Cumberland  river  outcrops. 

Brassfield    limestone' 114 
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Crab  Orchard   formations 115 

Devonian   limestones 115 

bumberland  river  sandstone  of  Linney 70,  74 

Cynthiana  formation :     Subdivisions 10 

Chemical    characteristics 211 

bayton  limestone. 

Fossils:      Arachnophyllum   mamillare-wilmingtonensis 320 

Pentamerus    oblongus 323 

Relations  to  Oldham  limestone 43 

Derivation  of  sediments  from  Cincinnati  geanticline 135 

Devonian  Black  shale  and  Devonian  limestone  unconformity 129 

Devonian  Black  shale 102 
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See  Olentangy  shale 114, 129,  288 

Green  shales  at  middle  of  section 109 

See   Chagrin   formation 15, 102, 108, 112 

Fossils  cited  by  Linney 107 

General   discussion   of  fauna 110 

Black  shale — Devonian  limestone  unconformity 129 

Chemical    composition 254 

Mineral  waters  from 254 

Chemical   analyses  of 258- 
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Minor  subdivisions  in  East-Central  Kentucky 92 
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Fossils  listed  by  Linney 87 
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Chemical    composition 244 
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Economic  value  of 252 

Water   supply 285 

Oil    horizons 288 

Devonian  limestone — Black  shale  unconformity 129 

Devonian — Silurian    unconformity , 116 

Duffln    limestone 97 

Chemical    composition 248 

Economic    geology 207 

Eden  formations:     Subdivisions 10 

Chemical    characteristics 212 

Epsom    salts 238,  256,  259 

Estill    clay 59 

Chemical    composition 228 

Source  of  Crab  Orchard  salts  and  waters. 

Influence  on  water  supply 285 

Fossils  at  top  of  clay  in  Lewis  county 327,  329 

Faults     101, 139,  150,  151,  157, 158, 165, 168},  170, 189 

Faunas.     See  Fossils. 

Ferruginous   content  of   limestones 220 

Fire  clays,  not  present  in  the  Silurian  of  Kentucky 231 

So-called  fire  clay  near  Waco 274 

Fishing  creek.    See  Cumberland  river  exposures. 

Fish  layer  at  base  of  Devonian  limestone 93 

Chemical    composition 245 

Flades  clay.     See  Estill  clay 60 

Fossils. 

Black  river;   Ottawa.  Canada;   Lindstroemia  whiteavesi 312 

Maysville     43,  71,  74, 139, 150, 164,  165,  181,  183,  190, 197,  204 

Richmond     65,  70,  71,  74, 180, 181, 190,  196,  204 

Brassfield    30-35,  42,  65-77, 115, 143, 148, 160, 161, 163, 165, 

172, 176, 177, 179, 186, 190, 196,  200,  312,  320,  290 

Brassfield  fauna  compared  with  Clinton  of  Ohio  and  Indiana 33 

Compared  with  Clinton  of  New  York  35 
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Clinton  of  Ohio 33 

Clinton  of  New  York 35 

Clinton  of  Kentucky.     See  Brassfield. 

Whitfieldella    layer 36-38, 150,  202 

Ferruginous  layer 42 

Oldham    limestone 47-50, 165, 182, 186, 187, 194, 195 

Stricklandinia  norwoodi 324 

See,  also,  Dayton  limestone. 

Dayton  limestone 35,  323 

Indian  Fields  formation.     See  Oldham  and  Dayton  limestones 60 

Rochester  shale  of  New  York 57 

Waco   limestone 55-57,  75, 162, 191,  297,  329 

Compared  with  Rochester  fauna  of  New  York 57 

With  Gotland  fauna  of  Sweden 58 

Top  of  Estill  clay  in  Lewis  county 327,  329 

Kiddville  layer 93,  245 

Devonian   limestone 80-89,  93-97,  99, 116, 139, 145, 

149, 174, 178, 179,  182, 198,  206 

Fossils  compared  with  faunas  of  other  States 80 

Fossils  listed  by  Linney 87 

Duffin  limestone 99 

Delaware    limestone 114 

Devonian  black  shale 106, 107, 108, 110-114 

Phosphatic  nodules  at  base  of  Waverly 110 

Waverly  110 

List  of  fossils  described  in  this  bulletin 295 

Garrard  formation.     See  Paint  Lick  and  Mount  Hope  formation. 
Geanticline.     See  Anticline  structure. 

Glauber    salts 238,  256,  259 

Glaze  for  pottery 278 

Greenfield  limestone 243 

Greenish  clays  in  Devonian  shale  section 109 

Gypsum  in  Crab  Orchard  clays 236 

Hematite   223 

High  Bridge  formation :     Subdivisions 10 

Chemical  characteristics 211 

Hudson  river  beds,  at  present  called  Cincinnatian. 

Indian  Fields  formation 60 

See,  also,  Plum  creek  clay  and  Oldham  limestone. 

Iron  carbonate 223 

Iron  ore,  so-called  Clinton 38 

Chemical   composition .' 221 

Irvine   formation 133 

Chemical   composition 268 

Kiddville  layer  at  base  of  Devonian 93 

Chemical    composition 245 
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Limestones.     See  under 
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ville,   Sellersburg. 

Limonite    223 

Linietta  clay 14 

Chemical  composition 262 

Phosphatic  nodules  at  base  of  Waverly 263 

Linney's  Reports  on 

Lincoln  county 63 

Garrard   county 68 

Clark  county 71 

Montgomery  county 75 

Bath  county 76 

Fleming    county 78 

Mason  county 78 

Marion  county,  Knott's  report 78 

Account  of  faunas  of  Devonian  limestone 87 

Discussion  of  Devonian  Black  shale 107 

Lower  Carboniferous,  at  present  usually  called  Mississippian. 

Lower  Hudson,  later  called  Winchester  formation.     See  Cynthiana  and 

Eden  formations. 
Lower  Silurian,  now  called  Ordovician. 

Lower  Waverly  clay,  or  Linietta,  or  Bedford  clay 262 

Chemical   composition 262 

Lulbegrud   clay 50 

Chemical  composition 227 

Magnesian  content  of  limestones 220 

Maguesian   limestones 225 

Maysville  formations.     Table 10 

Chemical   characteristics 212 

Water    supply 286 

Medina  sandstone  of  Linney C3,  68,  71,  76 

Middle  Hudson,   later   called   Garrard   formation. 
Mineral  springs.     See  Analyses,  chemical. 

Mississippian   14 

Moberly  Tiling  Manufacturing  Company 276,  282 

Mount  Hope  bed 10 
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Natural   Cements,   Devonian   limestone 252 

Chemical    characteristics 253 

New  Providence  clay.    See  Limetta  clay. 
Niagara  shales.     See  Crab  Orchard  shales. 
Ohio  Black  shale.    See  Devonian  Black  shale. 

Oir  horizons 288 

Oldham    limestone 47 

Fauna    of 47 

Stricklandinia  norwoodi 322 

Sf:e,  also,  Dayton  limes'tone. 

Olentangy    shale 114, 129, 130,  288,  289 

Ordoviciau   rocks.      Table 10 

Total  per  cent,  of  exposures  within  Kentucky 13 

Chemical    characteristics 211 

Water    supply 286 

Oriskany  of  Linney.     See  Kiddville  layer. 

Osgood    clay 17,  35,  58,  78 

Paint  Lick  bed,  chemical  characteristics 213 

Paleozoic  strata.     Table 10 

Areas  of  exposure  of  various  divisions  within  Kentucky 22 

Panola  formation.     See  Silurian  and  Devonian. 

Paving  brick  at  Searcy 282 

Peneplain,    Lexington 130 

Early  Devonian 125 

Eocene    134 

Pennington  shale.    Analysis  of  clay  layer 267 

Phosphatic  rocks. 

Phosphatic  content  of  limestones 220 

In  ferruginous  Silurian  rocks,  Iron  ores 224 

In  Kiddville  layer,  with  fish  remains 245 

In  phosphatic  nodules  at  base  of  Waverly 109,  263 

Plum  creek  clay 44 

Chemical   composition 226 

Portland  cement,  typical  analyses 234 

Former  method  of  manufacture 235 

Portwood  clay  industries 276 

Pottery,  from  Irvine  clays. 

Analyses  of  clays  of  Irvine  formation 268 

Manufacture  of  at  Bybeetown  or  Portwood  and  Waco 278 

Slip  cla  y  used 277 

Pottery  glaze  used 277 

Richmond    formations.      Table 1° 

Chemical    characteristics 213 

Water    supply 286 

Richmond  formation  of  Campbell.     See  Richmond  and  Maysville  forma- 
tions       : 13 
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Roofing  Tile,  process  of  manufacture  at  Searcy 279 

Desirable   qualities 281 

Chemical   analyses 281 

Rose  Run  Iron  Ore 38 

Chemical    composition 221 

Saliue    springs 255 

Chemical    analyses 259,  260 

Salt    licks. ., 238 

Salts,  Crab  Orchard 241 

Salt    Springs 260 

Salt    well 149, 156,  238 

Saluda  bed,  Chemical  analysis 213 

Sandstone.     See  under  Garrard,  Tate,  Hillsboro,  and  Waverly. 

Searcy  Tile  Roofing  Company 276,  278 

Sections  of  Silurian  and  Devonian  strata.     See  table  on 137 

Seegar  cones  not  used 281 

Sewer   pipe    clay 232 

Shales. 

Silurian.     See  under  Crab  Orchard  and  Niagara. 
Devonian.    See  under  Devonian  Black  shale. 
Mississippian.     See  under  Bedford  and  Pennington. 
Silurian  formations 

Of    Kentucky 10,  27,  64 

Of    Indiana. , 17 

Of    Ohio 17 

Area  of  outcrop  in  Kentucky 13 

Outcrop  along  Cumberland  river 114 

Chemical  composition.     See  Analyses,  chemical. 

Silurian-Devonian    unconformity 116 

Economic  value  of  Silurian  clays 231 

Source  of  Crab  Orchard  waters  and  salts 236 

Water    supply. 285 

Oil    horizons 288 

Silurian  faunas.     See  under  Fossils. 

Slip  clay,  Albany,  analysis 277 

Southern  Kentucky  exposures  of  Silurian  and  Devonian 114 

Springs     139,  142,  144,  174,  180, 198,  255,  285 

Mineral  Springs.     See  Analyses,  chemical. 

Stone  ware  clays.    Not  present  in  Silurian 231 

Typical   analyses 231 

Irvine  stone  ware  clays 268 

Stones  river.    See  High  Bridge  formations. 

Table  of  Paleozoic  formations 10 

Tate  layer  in  upper  part  .'of  Maysville 212 

Terra  cotta  clays 233 

Tertiary    formations 133 

Thickness  of  Devonian  limestone  in  East-Central  Kentucky 89 
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Thickness  of  Devonian  shales r02 

Tiling     283 

Trenton  formation.     See  Lexington  formation. 

Unconformities.     General  Discussion 122 

Silurian  Devonian   unconformity 116 

Devonian  limestone — Black  shale  unconformity 129 

Upper  Hudson,  now  divided  into  Richmond  and  Maysville  formations. 
Upper  Silurian,  now  called  merely  Silurian,  since  the  Lower  Silurian  is 
at  present  usually  called  Ordovician. 

Vitrified  wares,   clays,   analyses 232 

Waco,  Kentucky,  clay  industries 276 

Waco    limestones 52 

Fauna    55,  293 

Comparison  with  Rochester  fauna  of  New  York 57 

With  Wenlock  fauna  of  Gotland,  Sweden 58 

Waldron  clay 17 

Water   supply 285 

Waverly. 

Phosphatic  nodules  at  base  of  Waverly 109,  263 

Linietta  clay,  or  Bedford,  New  Providence  clay 263 

Availability  of  Linietta  clay  for  economic  uses 265 

Sandstones     266 

White  sulphur  springs 258 

Whitfieldella    layer 36, 114 

Chemical    composition 219 

Fossil.?    of 36,  326,  327 

(Winchester  formations.     See  Cynthiana  and  Eden  formations. 

Ziftel  and  Sons  Pottery  Company 276 


B.     FORMATIONS. 

Alger    formation 10, 18,  27,  60-63,  68, 116,  285 

Alluvial  clay 274,  275,  278-284 

|Arnheim   bed 10, 13, 19,  71,  74,  213 

•Bedford   formation 14, 136,  262-266,  289 

Belfast   bed •> 42,  43 

'  Bellevue  bed 10, 19 

Berea   sandstone 14,  266,  289 

Birdseye  limestone 13 

Black  hand   formation 14 

Black  shale.     See  Devonian  black  shale. 

Boyle    limestone 10, 12,  92 

Brassfield    limestone 10,  12,  18,  27,  43,  67, 114, 117,  217,  218,  220,  290 

Camp  Nelson  bed 10,  23,  211 

Canadian    series . .  10 
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Carboniferous  system , 13, 112, 131 

Cedarviile   limestone 17,  242 

Chagrin    formation „ 15,  102,  108, 109, 112 

Chattanooga    shalf 11 

Chazy   formation 13 

Chemung    shale 281 

Chester  limestone 11 

Cincinnatian  series.     See  page  10  for  subdivisions 10, 12, 18,  24,  212,  215 

Cleveland    shale 15, 102,  108,  111 

Clinton  formation.    See,  also,  Brassfield  formation, 

10,  12,  17,  35,  57,  66,  71-78,  218-220,  286,  290 

Coal    measures 10, 11,  26, 132 

Columbus    limestone 12,  15,  79-86, 129 

Colun'naria  bed 65,  67,  70 

Conglomerate    measures 10,  11 

Corniferous  limestone 87,  88,  129 

Corry ville    bed 10, 19 

Crab  Orchard  division, 

10,  iz,  18,  27,  62-72,  74,  75,  78,  116,  117,  217,  220,  233,  236-240,  261,  265 

Cretaceous    strata 132 

Cumberland    sandstone 70,  74,  214 

Curdsville    bed 10,  211 

Cuyahoga    shale 14,  266 

Cyntriiana    group 10, 13, 14, 19,  101,  211 

Dayton    limestone 17,  35,  41-43,  50,  62 

Delaware    limestone 11, 15,  79, 129, 130 

Devonian  black  shale, 

11, 13, 15,  79,  86,  102-114, 133-136, 161, 197,  251,  254,  266,  285 

Devonian  black  sh  ale,  base  of  section 104-107 

Devonian  black  shale,  middle  greenish  clays 109 

Devonian    limestone 12-16,  79-101, 114-130,  244-254,  285 

Devonian  system.    See  page  10  for  subdivisions 10, 11, 13, 15,  24-26, 114 

Duffin    layer 16,  92,  97-101,  246,  248-251 

Eden    group 10, 12, 14,  19,  212 

Eocene  clays  and  sands 132-134,  267-z74 

Erie   shale 102, 108,  109,  112 

Estill    clay '. 10, 18,  27,  59,  60, 117,  228-230,  2b6 

Fairmount    bed 10, 19, 101,  212 

Ferruginous  layer,  overlying  Clinton 38-44,  73,  75,  220-225 

Fish    layer 93-97,  245 

Flades    clay J18,  60 

Fulton    layer 10, 14,  19 

Garrard    bed 10,  14,  69,  101,  212,  215 

Genessee   shales 112-114 

Geneva  limestone 10, 15,  80 

Greendale    bed 10,  211 

Greenfield   limestone . .  12, 129,  242,  243 
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Hamilton   formation 86, 114, 129 

High    bridge    group 10, 13,  24,  211 

Hillsboro    sandstone 17, 129,  242 

Hudson  river  beds.     See  page  10  for  subdivisions 12,  G9,  70 

Huron   shale 15, 102, 108,  111 

Indian  Fields  formation 10, 18,  27,  60,  61 

Irvine   formation 11, 133-136,  267-278 

Jeffersonville  limestone 10, 15,  80-86,  89, 116, 129 

Jessamine   series 10, 13,  215 

Kentucky  river  limestone 213 

Kiddville   layer 16,  92,  245 

Laurel    limestone 17 

Lexington   group 10, 13,  24,  211 

Liberty  bed 10, 19 

Linietta    clay 14, 136,  262-265,  286 

Logan  formation 14 

Logana   bed 10,  211 

Loraine    group 10,12 

Louisville    limestone 17 

Lower    Carboniferous 10, 11,  267 

Lower  Silurian.     See  Ordovician 12 

Lulbegrud    clay 10, 18,  27,  5(K52,  227,  228,  230*,  236,  241 

Marcellus   shale 114 

Maxville  limestone 14 

Maysville  group, 

10, 12, 19, 139, 150, 166, 167, 180, 181, 183, 190, 197,  204,  213,  215,  287 

Medina    sandstone 63,  68-78 

Million    formation 10, 19,  212 

Missis&ippian  system 10, 11, 13, 14,  26, 135 

Mohawkian  series.     See  page   10  for  subdivisions 10,13,215 

Monroe  formation 12, 129,  242,  243 

Mount  Auburn  bed 10, 19 

Mount  Hope  bed 10, 14, 19 

Neocene  strata 11,132,134 

New   Albany   shale 11 

New  Providence   clay 15,  263 

Nitagaran  series.     See  page  10  for  subdivisions 10,12,75,129 

Niagara    shales 17, 18,  56,  60,  62,  71-79,  242 

Nunda  formation 114 

Ohio   black   shale 10, 11,  86,  251,  254,  261 

Oldham    limestone 10, 18,  27,  38,  43,  47-50,  62,  68,  70,  226 

Olentangy    shale 114, 129, 130,  288,  289 

Onondaga    limestone 86, 114, 116, 123, 125, 128 

Ordovician  system.     See  page  10  for  subdivisions. . .  .10, 12, 13,  24,  67,  211,  215 

Oregon  bed 10,211 

Oriskany   formation 16,  96 

Osgood  clay 17,  35,  58,  78 
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Osgood    formation 35, 128 

Osgood   limestone 35,  57, 128 

Paint    Lick   bed 10, 19,  212,  215 

Paleozoic  strata.     Table  on  page  10 10, 11, 131 

Panola  formation .13/136 

Paris  bed 10,  211 

Pennington   shale 267 

Pennsylvania    system 10, 11, 13,  26, 131 

Perryville  bed 10,  211 

Phosphatic  nodule   layer 15, 109, 110, 134,  262,  263- 

Pleistocene    strata 132, 133 

Plum    creek    clay 10, 18,  27,  43,  44-47,  74,  221,  226,  231,  285 

Point   Pleasant   bed 10, 14,  211,  212 

Portage   formation 113, 114 

Pottsville  formation 11 

Richmond  Group.     See  page  10  for  subdivisions, 

10, 12,  13, 19,  67,  70,  74,  76, 139, 146, 150, 180, 

181, 183, 189, 190, 196,  204,  213,  214,  286 

Rochester  shale 18,  56-58,  71,  74 

Rockcastle   conglomerate 267 

Saluda   bed 10, 13, 19,  214 

Scioto  limestone 12 

Sellersburg   limestone 10, 15,  80-89, 129 

Silurian  clay.    See,  also,  Plum  creek,  Crab  Orchard,  Alger  and  Osgood 

clays  226,  231 

Silurian  limestone.     See,  also,  Clinton,  Brassfield  and  Oldham  lime- 
stones     216,  242 

Silurian  system.     See  page  10  for  subdivisions, 

10, 12, 17,  24-27,  63,  68-71, 114-130,  216 

Springfield  limestone 17,  242 

St.  Genevieve  limestone 11 

St.    Louis    limestone 11 

Stones    river   group 10, 13 

Sunbury  shale 14,  266,  289 

Tate  layer 101,  212,  215 

Tertiary    strata 

Trenton  group.    See  page  10  for  subdivisions 10, 13 

Two-foot  limestone,  base  of  Waco,  marked  C  on  page  64 52,  71 

Tyrone  bed 10,  211 

Upper  Birdseye  limestone 211 

Upper  Silurian.     See  Silurian 12,  68 

Utica    group 10> 12 

Versailles    formation 10, 13, 19,  213 

Waco    limestone 10, 18,  27,  50-58, 117, 128,  285 

Waldron  clay 

Waverly  sandstone 

Waverly    series. .10, 11, 16, 133, 134,  261-263,  266,  268 
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Waynesville    bed 10, 13, 19,  213 

Wenlock,   England 58 

West  Union  limestone. 17,  243 

White  water    bed „  10, 19 

Whitfieldella   layer 36,  44,  66-70,  75, 114, 115, 117, 127,  219,  225,  290 

Wilrnore    bed 10,  211 

Winchester    formation 10, 13, 14 


C.     LIST  OF  LOCALITIES. 
1.    Geographical  Names. 

Abbott's    mill 32, 186 

Adam's  mill  on  Fishing  creek 116 

Alfred  Center,  New  York : 281 

Alger 61 

Alum  rock,  at  Vanceburg 266 

Alum  springs,  Boyle  county 113,  255,  258,  260,  262 

Arlen 120, 189 

Bald   hills,  Garrard  county 63,  67,  69,  286 

Bardstown     127, 128, 129 

Bear    Mountain ^ 267 

Bear    Wallow 135, 171 

Beasley  fork,  Ohio 42 

Belfast   Ohio 43 

Bellefontaine,    Ohio 25 

Berea    32,  93,  113,  130,  138, 156, 162,  165, 168,  263,  266,  283 

Berea  College  Brick  Co 283 

Big  Doe  creek 174 

Blue  BanK  creek 205 

Blue,  lick,  northeast  of  Berea 263,  265 

Blue  lick,  west  of  Junction  City 264,  265 

Bobtown     168-171,  227,  264,  271 

Brandy  spring  branch 159, 160 

Brannon    station 21 

Brassfleld     27,  30,  47,  133, 134, 168,  171, 176, 177,  236,  286 

Brooks     113, 129 

Brown's  quarry,  west  of  Carlisle,  Ohio 220 

Brush  creek,  Montgomery  county 201 

Buffalo    spring 139,  285 

Burksville    20 

Bybeetown    179,  270 

Galloway    creek 171 

Camp    Nelson 23 

Caney  creek,  Morgan  county 289 
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Carpenter    station 66,  68 

Cartersville    158-162 

Cat   creek 134 

Catskill  Cement  Co.,  New  \  ork 234 

Cedar  creek,  Lincoln  county 142-152,  240,  285 

Cedarville,    Ohio 243 

Centerville,  Ohio 220 

Chicago 24 

Chilton    186 

Cincinnati,   Ohio 20 

Clarksburg,  Lewis  county 243-254 

Clay    City ' 86, 134, 191, 194,  285 

Cob'b   Perry 179 

Coldwater    branch 116 

College    Hill 133, 181, 182 

Columbus,    Ohio 80-85, 102, 114, 129,  254 

Combs     230 

Copperas    creek 107, 108,  111,  112 

Covington,  Virginia 114 

Crab    Orchard . .  ,  31,  62,  64,  65,  67,  86,  93,  96, 142, 148, 152-158,  229,  238-240,  254,  285 

Crow    ford 187 

Cumberland   City,  Tennessee 104 

Cumberland    river 21,37, 110, 114, 130 

Curry  bridge 183 

Dayton,    Ohio 60, 127,  220 

Delaware,    Ohio 129 

Delphi,   Indiana 114 

Dix    river 65,  67, 152, 153, 157,  229,  240 

Drake    creek 157, 158 

Drennon    springs 21 

Dripping  springs,  Garrard  county 107 

Drowning    creek 171, 175,  230 

Duddcrar's  mill 65 

Duffin.  cut  85,  93,  98, 139, 145,  247-252 

Dunbarton,  Ohio 41 

Duncansville,    Ohio 41 

Eastin    mill 73,  75, 199 

Eaton,    Ohio 220 

Elk    Run     Ohio , 43 

Elliston    -. 32, 178,  214,  217,  219,  228,  246,  251-253 

Epsom,   England 238 

Estill  Springs 59, 171-174,  227,  255 

Falling    Branch 180 

Fall    Lick   creek 153, 156 

Falmouth     23 

Farmer    station 266 

Farmvill©    4(J 
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Fishing    creek 37;  115, 130 

Flades  creek 60,  95, 152 

Flat  Woods  church,  Garrard  county 163 

Forbush  creek 114, 115 

Fox    181 

Fox    cieek 

Fox    springs 107,  255,  258,  259,  261 

Gasburg    127 

Gilbert    creek 164 

Gilb;  rt    creek   station 65 

Glen  Falls  Portland  Cement  Co 234 

Goosey's  old  stand 189 

Gotland,   Sweden 59 

Gravel  Lick  creek 

Green    county 242 

Greenfield,    Ohio 129,  243 

Ore-  n   river 264 

Kale's  well,  south  of  Stanford 147,  255 

HaR  Gap  pike 147 

Hall  Gap  station 65,  67, 146, 147 

Hammack  158-163 

Harmon    creek 158-159 

Harpeth   river,   Tennessee 103 

Highland  county,  Ohio 242 

Hicks,    Illinois 104 

Hillsboro,    Fleming    county 40,  43,  219,  220 

Hillsboro,    Ohio 60,  129,  243 

Hollywood   mill 198 

Holy  Cross  church 7g 

Hornback  curve 196 

Hot   Springs,    Virginia 114 

Howard   creek 183, 195, 196,  245 

Howard's    mills 204 

Huber    15, 129 

Hudson's    mill 194 

Hus*onville    89 

Indian    Fields 27,  31,  32,  60,  74,  86, 107, 108,  112, 133,  183-199,  245-261,  285 

Irvine    21, 112,  133,  134, 171-175,  227,  229,  236,  255,  262,  268,  281 

Jackson  ferry 91, 182 

Jackson   hollow 169 

James    mill 65,  67 

Jeffersonville 113, 197,  200,  201 

Jersey  county,  Illinois 104 

Joe  lick  creek 227 

Joe   lick  fork 168 

Joe  lick  knob 169-171 

Junction    City 21,  22,  85, 102,  110,  139,  149,  247-250,  255,  258-263 


GEOGRAPHICAL  NAMES— Continued.  383 

Page 

Kentucky    river 19,  21,  23, 132,  134, 178-182,  282 

Kiddville    73,  75, 133, 197-199,  241 

Lancaster    118, 153 

Lawrenceburg     2t 

Lawson  chapel,  Garrard  county 164 

Lebanon     24,  85,  102,  255,  259 

Levee   110,  200 

Lexington    20,  21, 130 

Lexington  Tile  Roof  Co 134,  278,  282 

Liberty    130 

Licking  river 23,  244 

Linietta    springs 255,  264 

Little   cub   creek 114 

Log  lick  church 187, 188 

Long   Branch 134, 186, 187 

Loretto    129 

Louisville   21,  80-85, 113 

Ludlow  Falls,  Ohio 220 

Lulbegrud    creek 50, 185, 186,  187, 191, 194-199,  245,  246,  252 

Madison,    Indiana 213 

Mammoth    cave 237 

Manitoulin  Island,  Lake  Huron , 58 

Mason   fork 162 

McKinney    station 19,  97 

Merritt    ferry 30, 189, 190 

Mill    creek 206 

Moberly    32,  86,  178-181,  274,  276 

Mobeily  Tiling  Manufacturing  Co 276,  282 

Moore's  ferry,  Kentucky  river 95 

Moore  spring 105, 180,  253,  285 

Moreland    66,  68 

Moscow    23 

Mount    Carmel 219,  220 

Muddy    fork 178,  214,  217,  219,  221 

Mullin's   station 90 

Muse's    mills 107 

Nashville,    Tennessee 103 

Neal  creek  church 32, 147 

New  Haven 129 

New  Liberty  church 135,  168 

Nicholasville  20 

Ohio    river 23 

Oil  spring,  Indian  fields 112, 197-199,  246,  252,  255,  260,  285 

Oldham  branch 47, 176, 177,  226,  228 

Olympia    • 203 

Olympian  springs 86,  244,  252,  255,  258-261 

Owingsville     38,  39,  43, 121, 137,  206,  218-222 
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Paint   lick   creek 162-163 

Panola 27,  30,  32,  47, 175-177,  226,  228,  230,  236 

Peebles,    Ohio 60 

Pickaway  county,  Ohio 86, 13o 

Plum    creek 44, 194 

Point  Leavell 163 

Portwood    179,  270 

Preachersville  157 

Preston    37,  88,  204-206 

Prospect  Hill,   Missouri 281 

Ragland    103, 121,  262,  289 

Ray  wick     25,  26, 129 

Red  river 86, 134, 188-191, 194, 195 

Rice   station '. 106, 174, 175 

Richmond,  Indiana 127 

Richmond,    Kentucky 20,  130, 133 

Richmond    junction 65 

Rightangle   189 

Rock  branch,  Madison  county 162 

Rocky  creek,  Estill   county 189 

Rose   run 38,  39,  206,  221 

Rosslyn    134 

Rowland   65, 152 

Salt  lick  creek 243 

Salt  river , 213 

Searcy   station 114,  251,  274,  278 

Sedlitz,    Bohemia 238 

Sharpsville,    Ohio 43 

Slate    creek 37,  38,  203-206,  222 

Smith's  landing,  New  York 234 

Snow  creek  church 194, 195 

Somerset 37, 115 

Spencer    37,  203 

Spout  spring,  southwest  of  Clay  City 285 

Springfield,   Ohio 243 

Stanford    19,  24,  32,  89, 137,  139, 142,  148,  149, 152,  255 

Station  camp  creek 174 

Stewart   mill 245 

Stuart    mill 198,  245 

Sulphur  spring  branch,  Fishing  creek 115 

Sulphur  springs,  Lebanon 255 

Sycamore    creek 200,  201 

Tipton   ferry 134, 191,  194 

Valley 243,  254 

Vanceburg 112, 113, 130,  243,  266 

Vienna    183, 187-189 

Vigo   county,   Indiana •. 281 
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Virden    194 

Waco    52, 134, 136, 178-181,  228,  251,  253,  269-273,  276,  282,  285 

Wallaceton    163 

Walnut  flats 151 

West  Union,   Ohio 41,  42,  60 

Whipp&orwill   church,   Ohio 43 

White   lick   creek 161 

White  oak  creek 171, 172 

Whites    93, 119, 165, 167 

Winchester . . 130 

Woodlawn    127 

Wyoming ., 122 

Young  springs,  Bath  county 108 


2.    Personal  Names. 

Abbott,  Tom  Will. 196 

Adams  farm 273,  274 

Allen,  W.  G 221 

Anderson,  James  M 28, 118, 164 

Bailey,    James    Thomas 45, 117, 146 

Baker,  Charles,  Garrard  county 99, 162 

Baker,  I.  C.,  Madison  county 168 

Barlow,    Milton 270 

Barnett,   Jack 122 

Boone,   George 144,  285 

Brock,    Simpson 30,  32, 120, 190 

Brock,  Taylor 116 

Bruner,    Brownlow 51,  54, 186 

Bryant,    Abel 49, 143 

Cornelison  and  Sons's  Pottery  Co 278 

Covington,  J.  G 214 

Creekmore,   Joe 169 

Curtis,    Tom 180,  285 

Dollins,    Reuben 239 

Elkins,  J.  T. 48,  51, 100, 120, 187 

Embry,  Mrs.  Susan  J 251 

Eubanks,    Morgan 48, 187 

Finnell,    Jones 100, 188 

Freeman,    Dr 227,  233 

Freeman,  John 115 

Garrett,  Dave 169 

Gibbs,   Joe 170 

Glasgow,    Gordon 266 
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Goff,    John 74,  94,  104,  109, 134,  183 

Gossett,  V.  L 115 

Grinstead    farm 275 

Groves,  J.  E 73>  24l,  259 

Harris,  James  F 31,  53,  59,  61,  172,  227,  229 

Hisle,   J.   M 183 

Howard,  Mr.,  Crab  Orchard 153 

Hunt,    Dr IgO 

Johnson,    William 205 

Jones,    Sol 115 

Kidd,  E.   II 89 

Lake,  Anderson 230,  233 

Lawrence,    Will 94,  100, 106, 198 

Lewis,  James  Walker 271 

Loval,  Al 115 

Lynn,  J.  T 65 

Mason,  Prof.  S.  C 284 

Mclntosh,   George , 44, 194 

McKinney,    G.    S. 272,  276 

Miff ord,    David 254 

Monk,    Bill ... 98, 152 

Moody,    Mat „ . .90, 115, 119, 169, 170 

Morgan,    Sweeney ,....,.«„..». , 164 

Oldham,    R „ „ 270 

Parsons,    Robert ......... 160 

Peel,   Jim 199 

Pigg,  John ..............  „ 264 

Pleasants,    William ..... .................... 117, 145 

Purvis  farm 221 

Rice,    Carnel 221 

Richardson,  W.  J , 243 

Richardson,  William .  ......... 115 

Searcy,  C.  L ......... 228,233,  274 

Snowden,    Billy ...... 186 

Spainhower,    Peter 163, 164 

Stone,    James ..... 100, 189 

Tate,    William 282 

Terrell,    Bever 168 

Todd.    Sam 162 

Varnon,  Thomas  W 264 

Walker,    Wood 160 

Ware,  Gyrene  G , , 142 

Warren,    William 221 

Zittell  and  Son's  Pottery  Co...... 276 


D.   Index  to  Locality  Numbers  Used  on  the  Accompanying  Maps. 


The  letters  are  printed  in  a  conspicuous  raanner  on  the  maps  cited 
below,  and  follow  the  numbers  specifying  the  localities  described  in  this 
bulletin.  In  order  to  find  the  location  of  any  locality  upon  the  map,  first 
find  the  page  on  which  the  map  is  printed;  then  find  the  large  letters  desig- 
nating the  particular  section  upon  which  the  number  has  been  placed.  Within 
the  boundaries  ot  this  section  the  number  may  be  found  easily.  In  the 
Stanford-Crab  Orchard  map,  the  quadrangles  are  named  instead,  but  the 
names  for  these  quadrangles  are  given  also  in  this  index.  In  order  to  find 
the  page  on  which  the  exposures  at  the  locality  indicated  are  described,! 
look  up  the  page  number  in  the  index  below. 

Crab  Orchard  quadrangle,  northeast  section.  (See  map  on  page  140,  left 
side  of  the  map.) 

Page  Page 

1  CO-NE 147  19  CO-NE 142 

2  CO-NE 147  20  CO-NE    ...............   142 

3  CO-NE    . 147  21  CO-NE 149 

3  CO-NE 147  22  CO-NE „ 148 

5  CO-NE    146  23  CO-NE 151 

€  CO-NE    146  24  CO-NE 151 

7  CO-NE 146      27  CO-NE 151 

8  CO-NE 146      28  CO-NE 150 

9  CO-NE    . . . . o . . . .  145       29  CO-NE 150 

10  CO-NE  145  31  CO-NE 149 

11  CO-NE 145  32  CO-NE 149 

12  CO-NE o 144  34  CO-NE 156 

13  CO-NE 144  35  CO-NE 156 

14  CO-NE o 143  36  CO-NE 157 

15  CO-NE  .". 143  37  CO-NE 157 

17  CO-NE 142       38  CO-NE 153 

18  CO-NE . 142 

London  quadrangle,  northwest  section.  (See  map  on  page  140,  lower 
sixth  of  page.) 

Page  Page 

1  L-NW    152         5  L-NW 153 

2  L-NW 152         6  L-NW 153 

3  L-NW 153         7  L-NW 156 

Harrodsburg  quadrangle,  south  section.  (See  map  on  page  140,  upper 
left-hand  corner.) 

Page 
52  H-S 139 

(867) 
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Harrodsburg  quadrangle,  southeast  section.    (See  map  on  page  140,  upper, 
V-shaped  segment.) 

Page  Page 

1  H-SE    152        6  H-SE  164 

4  H-SE  157         8  H-SE    164 

5  H-SE   158       13  H-SE  163- 

Richmond  quadrangle,  southwest  section.     (See  map  on  page  155.) 

Page  Page 

1  R-SW    158       10  R-SW 162 

2  R-SW    158       11  R-SW 162 

3  R-SW    159       12  R-SW    161 

4  R-SW    159       13  R-SW    161 

5  R-SW    160       15  R-SW    162 

6  R-SW    160       16  R-SW    162- 

7  R-SW    160       17  R-SW    163 

8  R-SW    163       18  R-SW    163 

9  R-SW    163 

Richmond  quadrangle,  south  section.     (See  map  on  page  167.) 

Page  Page 

1  R-S    165       12  R-S    169 

2  R-S    165       13  R-S    169 

4  R-S    168       14  R-S    170 

5  R-S     168       15  R-S    170 

6  R-S 168       16  R-S    170 

7  R-S   '. 168       17  R-S    171 

8  R-S     263       18  R-S 171 

9  R-S    168       19  R-S    171 

10  R-S    169       21  R-S 227 

11  R-S    169       22  R-S    271 

Richmond  quadrangle,  southeast  section.     (See  map  on  page  173.) 

Page  Page 

1  R-SE    177        5  R-SE    175 

2  R-SE  176        6  R-SE   175 

3  R-SE    176      21  R-SE    230- 

4  R-SE   175 

Richmond  quadrangle,  east  section.     (See  map  on  page  173.) 

Page  Page 

18  R-E    189       60  R-E    179- 

51  R-E    177      61  R-E    273 

52  R-E    175       62  R-E    180 

53  R-E    174      63  R-E    278 

54  R-E    175       64  R-E    179 

55  R-E    178      65  R-E    181 

56  R-E    272      66  R-E    182, 

59  R-E    .  .   179 
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Richmond  quadrangle,  northeast  section.     (See  map  on  page  185.) 


Page 

1  R-NE 195 

2  R-NE  195 

3  R-NE  196 

4  R-NE  196 

5  R-NE  196 

6  R-NE  196 

7  R-NE  183 

8  R-NE  183 

9  R-NE  186 

10  R-NE  187 

11  R-NE  .                 .  187 


Page 

12  R-NE  187 

16  R-NE  187 

14  R-NE  188 

16  R-NE  188 

17  R-NE  188 

31  R-NE  189 

32  R-NE  190 

33  R-NE  190 

34  R-NE  190 

b/  R-NE  .                 .  182 


Beattyville  quadrangle,  west  section.     (See  map  on  page  173.) 

Page  Page 

11  B-W     171       15  B-W    174 

12  B-W     172       16  B-W     174 

13  B-W    .  .   174 


Beattyville  quadrangle,  northwest  section.     (See  map  on  page  193.) 


Page 

0  B-NW 197,  198 

1  B-NW  183 

2  B-NW  186 

3  B-NW  186 

5  B-NW  191 

6  B-NW  191 

7  B-NW  191 

8  B-NW  194 

9  B-NW  194 

10  B-NW  .  .  195 


Page 

12  B-NW  198 

13  B-NW  198 

14  B-NW  199 

15  B-NW  199 

16  B-NW  199 

17  B-NW  200 

20  B-NW  200 

22  B-NW  200 

23  B-NW  201 

25  B-NW  .                 .  201 


11  B-NW 


199 


Flemingsburg  quadrangle.     (See  map  on  page  202.) 
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